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SUMMARY 
1. This study, conducted jointly by staff members in animal 
husbandry and economics, employs certajn models from pro-
. duction economics and farm management as well as fundamental 
relationships in swine nutrition to obtain more information than 
conventional rescarch procedures and to provide more complete 
data for economic analysis of protein levels. The inves6gation 
was designed to (1) provide information useful to farmers, 
feed manufacturers and program administrators in making de-
cisions and management choices and (2) serve as a method-
ological investigation. Its methodological phases can be used as 
a guide in reseal'ch dealing with other kinds of feeds and classes 
of livestock. 
2. This report includes data from three separate experiments 
on protein levels. The experimental trials included rations con-
taining 10, 12, 14, 16, 18 and 20 percent protein. Each of these 
levels of protein were fed with and without aureomycin 
( chlortetracycline). The feeds used were corn and soybean oil-
meal fortified with vitamins and minerals including 5 mcg. of 
vitamin B12 per pound of total ration. For the experiments 
including aureomycin, this antibiotic was included at the 
rate of 5 milligrams per pound of total ration. From the experi-
mental results production functions (regression equations) were 
derived to prcdict pig gains with use of different quantities of 
corn and soybcan oilmeal-with and without aureomycin. From 
thcse functions marginal gain functions for different protein 
percentages for pigs of various weights have been derived to 
show the added gain pel' added pound of feed. Similar COID-
parisons are made for rations with and without aureomycin. 
Ncxt, equations have been derived showing all possible combi-
nations of the two major feeds which will allow stated gains 
for hogs of different weights. Finally equations have been de-
rived which allow estimation of the rate at which soybean oil-
meal substitutes for corn when (1) hogs are of various weights, 
(2) rations contain different proportions of protein and (3) 
aureomycin is or is not included in the ration. 
3. 'l'he dl!ta derived through the regression equations for the 
structural relationships in swine nutrition are used in specifying 
(1) least-cost rations, (2) maximum profit rations and (3) 
optimum marketing weights. The substitution ratios are com-
pared to price ratios in determining rations which give the 
lowest feed cost per pound of gain. Time and rate of gain func-
tions have been derived to determine the economy of using 
different protein rations in speeding hog marketings before 
seasonal price declines. 
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4. The first few pages of this study and the appendices are 
devoted to data, detailed relationship and analytical models 
which serve as a basis for the procedures used in this study. The 
last two-thirds of the text provides data relevant to farmers' 
decisions in table and graph form. Explanation on use of the 
figures is also included. 
New Procedures in Estimating Feed Substitution 
Rates and in Determining Economic 
Efficiency in Pork Production 
I. Replacement Rates of Corn and Soybean Oilmeal in Fortified 
Rations for Growing-Fattening Swine1 
By EARL O. HEADY, ROGER WOODWORTlI, DAMON V. CATRON 
and GORDON C. ASHTON 
Economic efficiency of the hog ration is extremely important 
in Iowa. Pork is the leading source of farm income in the state. 
The income from pork has been 54 percent higher than that from 
cattle over the past ten years. The importance of the economy 
of the hog ration in Iowa agriculture also is indicated by the 
fact that feed costs constitute from 70 to 85 percent of the 
total cost of production. Hence improved efficiency of the hog 
ration will make important contributions to individual farmers 
and consumer welfare. 
Economy in the hog ration depends especially on the manner 
in which feeds are combined. Many feeds can be used in pork 
production and they can be combined in many ways. A number 
of carbohydrate feeds such as corn, barley or wheat can be 
substituted for each other and used in combination. On the other 
hand, vegetable proteins such as soybean oilmeal, linseed oilmeal 
and cottonsccd oilmeal, and animal proteins can also be substi-
tuted for each other or used in combination. Finally, supple-
mentary proteins and carbohydrate feeds can be substituted for 
each othcr and used in many combinations. One of the main 
economic problems in hog rations is this: What combination of 
corn and protein should be uscd in producing 100 pounds of 
pork 1 \Vhile other carbohydrate feeds sometimes have a more 
favorable price and supply situation, corn-aside from oats-
has had the traditional advantage, both in price and proximity. 
Aside from legumc pasture, tankage was formerly the impor-
tant protein source because it supplied vitamin B12 and other 
factors. 'rhe absence of the then unknown vitamin B'2 in vege-
table proteins limited their use in pork production up to mod-
erate hog weights. A main economic problem then was deciding 
(1) the combination of corn and animal proteins to use in pro-
ducing lightweight hogs and (2) the combination of corn, animal 
proteins and vcgetable proteins to use in producing heavier hogs. 
(l\lincrals, pasture, other feeds find labor and capital costs, of 
course, also playa part in profit calculations.) 
1 This is the first of two studies dealing with the economy and substitu-
tion rates for hog rations. The second study will deal with data for hogs on 
pasture. 
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New technologies in production and recent developments in 
swine nutrition have, however, caused older notions on hog 
rations to become obsolete. The discovery that vegetable proteins, 
balanced or fortified with trace minerals, vitamin B12 and anti-
biotics, can combine with grain as effectively as animal proteins 
in producing pork changed previous protein level recommen-
dations. 
Because of the relatively low cost of small amounts of vitamin 
B12, aureomycin and trace elements, a main problem in the 
pork I'ation now appears to be how corn and a vegetable protein 
such as soybean oilmeal-containing the other feed clements 
mentioned-can combine with or substitute for each other to 
give the least-cost ration. 2 Animal proteins are, of course, still 
an eeonomic consideration in the hog' ration. Another problem 
is determining under what conditions animal proteins can eco-
nomically substitute for plant proteins when the latter are forti-
fied with vitamins, antibiotics and other feed clements. 
Two types of information are necessary to determine the 
ration whieh gives lowest feed costs per 100 pounds of pork. 
These are: (1) the ratio at which the feeds substitute for each 
other and (2) the ratio of feed prices. For eomplete analysis 
of the most profitable hog ration (feed eost is only one element 
of net roturn), information must also be available on (a) rate 
of gain-time required to reach market weig'ht, (b) price re-
ceived for hogs marketed at different dates, particularly as it 
relates to rations giving- different daily rates of gain, (e) costs 
of labor and othei· capital items and (d) effeet of the varions 
rations on swine health (although these also are reflected in 
feed snbstitution rates and daily rates of gain). Since labor and 
other eapital costs represent a rolatively small portion of the 
total costs of pork production, information on feed costs and 
prices at different marketing dates is of the greatest impor-
tal1eo. 
OBJECTIVES AND ME'rHOD OF STUDY 
This study, conducted cooperatively by the departments of 
Animal Husbandry and Economics, is designed to analyze the 
physiological, llutritional and economic aspects of pork produced 
in dry-lot with rations including varying percentages of protein. 
As a stndy in protein levels, it is designed to determine the 
rates at whieh protein-in the form of soybean meal (balanced 
with vitamin Bw traeo elements and alll'eomyeil1)~alld corn 
substitute for eaeh other. 
"For purposes of brevity. the term meal is used to replace oilmeai in 
part of this report. 
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This study also is designed to provide the basis for determin-
ing least-cost rations and applying principles of profit maxi-
mization to pork produced (1) under varying soybean meal! 
corn price ratios and (2) with seasonal fluctuations in pork 
prices. The study includes an analysis of daily rates of gain and 
also attempts to incorporate some considerations of economic un~ 
certainty-as they relate to time. and different rations-into 
decisions in pork production. These eoncepts, involving both 
physiological and economic sciences, have not been previously 
fully incorporated into nutritional research. 
In determining least-cost rations, it is necessary not only to 
determine whether the feeds do snbstitute for each other; but 
equally important, determine the rates of substitution, and 
whether these rates are constant or decreasing, If feeds substi-
tute at a constant rate (i.e., one ponnd of one feed always re-
places three pounds of another, regardless of amount), it is, 
with one exeeption, most profitable to feed all of the one and 
none of the other. If, as is more likely in pork production, feeds 
substitute at a diminishing rate (i.e., the. first pound of feed I 
replaces six pounds of feed II, while the second, third and fourth 
pounds of feed I substitute respectively for five, four and three 
pounds of feed II), some combination of the two feeds usually 
gives minimum eosts; the least-cost ration is likely to differ with 
each change in the price ratio for the two feeds. As will be 
illustrated later, the ration which gives the lowest feed cost per 
100 pounds of pork is attained when the substitution rate and 
the inverse prire ratio between two feeds are equal. Accord-
ingly, the study has been designed to provide important detail 
on substitution rates. 
The study is of methodologiral importance since it departs 
from the conventional statistical procedures employed in nutri-
tion research and incorporates production economic models in 
its analysis. Thu'efore, it is reported in detail for the benefit 
of other scientists in the fields of economics and animal nutrition. 
The results have been presented in popular form for the benefit 
of farmers and feed manufacturers or dealers. . 
The procedure is as follows: First, details of the experimental 
design and make-up of the rations used in the study are pre-
sented. Second, the basic production models, which are the basis 
for the statistical procedures employed and which provide the 
principle for determining least-cost rations, are presented. These 
concepts are presented in detail for the benefit of other workers 
who may wish to employ them in research or refine their rela-
tionships in respect to nutrition in\'estigations. (These models, 
with slight modification, ha\'e equal application to all types of 
feeds and livestock and stand to play an important role in the 
future design and analysis of feeding Htudi('s.) Third, the find-
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ings of the current study are provided. Finally, data are used 
with the principles outlined previously for specifying corn-
protein rations which minimize feed costs. It should be remem-
bered throughout the study that the substitutions indicated are 
possible only as the ration is balanced with antibiotics, vitamins 
and trace minerals. 
DESIGN OF EXPERIMENT AND FEEDING METHODS 
Data from three animal husbandry feeding trials are used. 
The first protein level cxperiment-No. 506-was already com-
pleted when the decision was made to analyze the economy of 
different rations. This experiment included four protein levels 
of 14, 16, 18 and 20 percent. These percentages of protein wcre 
fed to pigs weighing from 34 to 75 pounds. At weights of 75 
pounds, and again at 150 pounds, the protein levels were lowered 
three percentage points. Under each of the protein levels there 
were two replicates containing aureomycin and two without. 
Each replicate had eight pigs per lot. This experiment was not 
completely suited for the substitution analysis since there were 
only four protein levels. Also, the shifting of protein levels at 
different weights caused difficulty in cumulating weekly gains 
and feed observations. However, these data are included in part 
of the analysis although the remaining two experiments prDvide 
the main basis for the empirical analysis. 
Experiment No. 536 was designed for the joint requirements 
of this study and for other purposes of the Animal Husbandry 
Department. It included treatments representing six protein 
levels and three antibiotic arrangements. Each lot retained the 
same protein level until marketing time. (The percentage of 
protein was not reduced as the hogs attained heavier weights.) 
The six levels contained 10, 12, 14, 16, 18 and 20 percent crude 
protein. There were three replicates without antibiotics, three 
replicates with aureomycin and two replicates with terramycin, 
all using four pigs per lot. A single protein level was fed to each 
lot throughout the feeding period-because the study was de-
signed for regression analysis, rather than analysis of variance. 
The replicated lots wcre retained to fulfill requirements for 
other studies using analysis of variance. The pigs were weighed 
each two weeks and feed inputs were accumulated to provide 
input-output observations at varying points over the growth 
period. The pigs were taken off the experiment at 200 pounds 
for use in a study' dealing with the effect of protein level on 
carcass quality. Some of the pigs in this experiment contracted 
a skin disease. The disease increased the experimental error and 
reduced fced efficiency. 
901 
Experiment No. 554 was begun in the spring of 1952. This 
experiment 'Was the same as experiment No. 536 except that it 
employed three replicates with aureomycin and three without. 
In the empirical analysis which follows, the observations for 
terramycin have not been used in deriving production functions 
and substitution quantities. 
In all three experiments, corn was the main source of carbo-
hydrate and soybean oilmeal was the main source of protein. 
The soybean oilmeal contained about 45 percent crude protein. 
The percent protein in the corn, however, varied from 8.4 in 
experiment No. 554 and 8 in experiment No. 506 to 7.2 in ex-
periment No. 536." Each pound of the corn and soybean oilmeal 
rations was supplemented by .04 pounds of minerals (including 
steamed bonemeal, iodized calcium carbonate, iodized salt and 
trace minerals) and .01 grams of vitamins (including vitamins 
A, D2 , 5 mcg. of Ba , niacin, pyridoxine, riboflavin and thiamin). 
The lots with antibioties received 5 mg. of aureomycin or 
terramycin per pound of feed. In all experiments the complete 
ration was ground, mixed and self-fed. Water was available at 
all times. The breed of hogs was not the same in all cases-Duroc 
in experiment No. 506, Duroc and Poland China x Landrace x 
Duroc in experiments. No. 536 and 554. Pigs were randomly 
allotted for all three experiments. 
BASIC PRODUCTION MODELS IN LIVESTOCK RATIONS 
In order to provide (1) the logic underlying the statistical 
analysis of later sections, (2) the models or an analytical frame-
work of value to other problems in nutritional research and (3) 
the basic principles which specify the optimum economic ration, 
this section is devoted to a technical discussion of basic pro-
duction relationships in the experiment. These relationships or 
models provide the hypotheses and the analytical framework 
which were used as the guide in this study. They are explained 
in the geometrieal illustrations which follow. 
THE PRODUCTION SURFACE 
Production of pork, or other animal product, from two feeds 
can be represented as a functional relationship in the manner 
Y = f (C,P)-where Y refers to gain per hog while 0 and P 
refer to amounts of corn and protein fed respectively. Actually, 
the full structural relationship should be represented in a "gen-
eral production function" such as Y = f (C,PIXlI X 2 ••• Xn) 
-where we indicate that other clements or resources, represented 
by the X's, also are necessary or can be used in pork production. 
The variable Xl may represent capital in the form of equip-
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nient. Other such resources up to and including X .. can be used 
in pork production; inputs or variables from X 2 to X .. -of which 
there can be any number-may refer to wheat, barley, oats, 
peanut oilmeal, fish meal, or any other kind, or grade of feed. 
Pork output, Y, can be a function of or dependent on anyone 
of these resources. However, as the' vertical bar indicates, we 
consider only C and P, corn and protein (in the form of soybean 
oilmeal), as variables for this analysis. The remaining feeds or 
resources represented on the right of the vertical bars are con-
sidered to be either ea) available in such large quantities that 
they do not affect the productivity of the other two or (b) not 
present at all. In other words we use only corn and soybean 
oilmeal, fortified with constant quantities of vitamin Bm aureo-
mycin and certain minerals, as variables upon whi<lh hog weight 
is directly dependent. The specific nature of the rcgression equa-
tions must now be specified if we are to know how either feed 
relates to pork production or how one fced relates to the other 
in the production process. Rather than to outline the several 
alternative hypothcses in algebraic equations, we use geometry 
below. 
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QUANTITY OF FEED B 
Fig. 1. Livestock production surface with feeds substituting at diminish-
Ing rates. 
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Two illustrations of many possible feed relationships are 
illustrated in the three-dimensional graphs figs. 1 and 2.3 These 
figures can be termed production surfaces. 'rhe horizontal axes 
(plane) indicate the quantities of two feeds, A and B, while 
the vertical axis represents production or weight pel' animal, 
a hog in this case. Figure 1 provides the more likely hypotheses 
for hogs: The "surface" is curved in both vertical and hori-
zontal directions. The vertical curvature (i.e., lines 11tb, ab or 
cb which are concave or "curved downward," rather than 
straight), indicates that, for any particular combination of the 
two feeds (Le., a specific ration), diminishing productivity of 
feeds holds true-each successive and constant increment in feed 
per animal results in a smaller increment in gain and produc-
tion, or, conversely, each constant increment in production re-
quires increasingly large increments of fecd. 
In fig. 2, the straight lines rs, cs and ts suggest a constant 
feed-gain transformation ratio. If the first three pounds of feed 
-with the fceds held in constant proportion-will produce one 
pound of livestock, the second, third, fourth and fifth thrcc-
pound increments of feed will also produce a one pound gain. 
In fig. 1, the horizontal curvaturc (Le., lines de, fg or hi) 
indicate that to pro- . 
duce a given level of 
output or gain per 
animal, one feed sub-
stitutes at a diminish-
ing rate for the other. 
In other words, if 
the first pound of A 
replaees 4.0 pounds 
of B, the second, third 
and fourth pounds of 
A, replace only 3.5, 
3.0 and 2.5 pounds of 
B. Lines such as de, 
fg, and hi represent a 
given output (i.e., line 
de may represent a 
gain of 50 pounds, ig, 
100 pounds and hi, 
150 pounds from on e 
pig) since they are at 
11 fixed vertical dis-
Cl 
o 
:x: 
:;!: 
o 
5 
FEED D (QUANTITY) 
t C fro tl e orl'gl'n Fig. 2. Livestock production surface with anc m l' • feeds of constant productivity and constant sub-
or horizontal plane. stitution rates between feeds. 
3 The production surfaces of figs. 1 and 2 are presented as a wedge to 
facilitate drawing. However. we are not necessarily interested In a narrower 
range of feed combination as the hog moves to heavier and heavier weights. 
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The contour lines, such as de and /g, are equal-product or 
isoquant curves. They show all of the possible combinations of 
the two feeds which will produce a given, or equal, gain. Since 
they are curved, they indicate that many combinations of the 
two feeds can be used for anyone gain, but increasing amounts 
of one are necessary to replace each pound of the other as the 
proportions are changed. The lines VW, ny and zk in fig. 2 also 
represent the many combinations of the two feeds which will 
produce a given output. In contrast to fig. 1, however, they 
represent the situation where one feed substitutes for the other 
at a constant rate; if the first pound of D substitutes for two 
pounds of C with production at the level of vw, the second, third 
and fourth pounds of D will also substitute for two pounds of C. 
PORK ISOQUANTS OR ISOPRODUCT CONTOURS 
Lines on the production surface such as de, fg and hi in fig. 1 
or V,W, ny and zk in fig. 2 are product contours or isoquants. They 
« 
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Fig. 3. Livestock production map with feeds substituting at diminishing 
rates under declining feed productivity. , 
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indicate all of the possible combinations of the two feeds which 
will produce a. given or equal (hence the term isoquant) amount 
of gain. Just as a geographer can illustrate a mountain or an 
agronomist can graph a hill as a contour map, we can also rcpre-
sent the livestock production surface as a map or family of 
contours. In other words, we can convert the three-dimensional 
diagrams of figs. 1 and 2 into the corresponding two-dimensional 
diagrams of figs. 3 and 4. The horizontal axes or plane is still 
the same and represents the quantities of the two feeds. Since 
we no longer have a third dimension, we place the isoquants 
from figs. 1 and 2 on the planes of figs. 3 and 4 and label them 
to indicate the production level denoted in the three-dimensional 
diagrams. We can use the contour maps more effectively than 
the production surfaces in explaining feed and ration relation-
ships. In a later section, however, we have derived a mathemati-
cal function from our experiment which allows us to predict 
the production surface as well as the contour map. 
In the contour maps, the isoquant lines, showing all possible 
feed combinations which will produce a given gain, are the same 
as in the three-dimensional figures-the "slopes" and "curva-
tures" are identical. 'I'he distance between the contour or equal-
gain lines now serve the purpose of third dimension. If the con-
tour lines get further apart for equal additions to weight (i.e., 
for equal distances between weight lines as for 50, 100, 150 and 
200 pounds), feeds fed in a fixed proportion are transformed 
into weight at a di-
minishing rate---each 
added pOlmd of the 
given ration adds less 
and less to gain. Con-
versely, each constant 
addition to weight re-
quires more and more .. 
of the fixed ration. ~ 
If the contour lines .~ 
representing e qua 1 0 
weight additions arc 
all the same distance 
apart, feed has COll-
stant productivity-a 
one-pound gain re-
gardless of the total 
weight of the hog. 
z 
"1~OI ,Uool 
POUNDS OF FEED B 
Figure 3 is the coun-
terpart of fig. 1, ex-
cept that it is now in 
two rather than three 
Fig. 4. Livestock production map with feeds 
substituting at constant rates; constant feed 
productivity. 
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dimensions. It has three sets of lines or relationships which are 
important from the economic and physiological aspects ·of animal 
nutrition. First are the isoquant or equal-product lines de, fg 
and hi which show the relationships of one feed to another (i.e., 
all possible combinations of the two feeds which will produce 
a given gain per animal). 
RATION LINES 
Next we have the diagonal lines OL, Oli and Oll! in fig. 3 
and OX, OY and OZ in fig. 4 (normally called "scale lines" in 
economics) which can be termed "ration lines." They show the 
relationship between input (feed) and output (gain per animal) 
if the animal were fed a given ration from the beginning of the 
feeding period until marketing. For example, line OL might 
represent a ration which includes 75 pounds of A (corn) and 25 
pounds of B (protein feed) in each 100 pounds of feed. Since 
it represents a constant ratio of the two feeds, point G (500 
pounds total feed) contains 375 pounds of A and 125 pounds 
of B, a ratio of 3:1; point S (1000 pounds) is composed of 750 
pounds of A and 250 pounds of B, also a ratio of 3:1. Similarly, 
lines OJ[ and OM, while they represent different ratios of A and 
B, are still constant ration lines; every point on Ole may repre-
sent an A:B ratio of 3:2 while every point on OM may repre-
sent a ratio of 1:1: It is these ration (fixed ratio) lines which 
indicate whether feeds, in fixed proportions, are transformed 
into livestock products at constant, increasing or decreasing 
rates. 
If transformation is at a constant rate (i.e., one pound of m~at 
is produced by four pounds of two feeds mixed in the ratio 5 :4, 
regardless of the amount of feed or the animal's weight), the 
segments on the ration line between the successive levels of out-
put will be the same length-as shown on line OX in fig. 4. In 
other words, the segments Oa, a·b and be in fig. 4 are all the 
same length indicating that the first 50 pound gain can be at-
tained with the same quantity of feed as the second and third. 
Or, if the first 50 pounds of gain can be produced with Oa feed, 
100 pounds can be produced with two times as much-Ob-while 
150 pounds can be produced with three times as much-Oe. 
In some cases it is possible that the ration line has constant 
feed-product transformation ratios. For most types of meat 
animals, however, this is an unlikely hypothesis; diminishing 
returns as shown in fig. 3 is actually the case. In fig. 3, the seg-
ment ab on ration line OL is longer than Oa and, in turn, be 
is longer than abo Then the second gain of 50 pounds requires 
• The lines In fig. 3 also may be taken to represent a fixed percent of a 
given feed nutrient such as protein. Hence, line OL could represent 12 per-
cent protein while OK and OM represent 14 and 18 percent respectively. 
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more feed than the first 50-pound gain, while the third requires 
still more. The same phenomenon is illustrated on ration lines 
OIf. and OM. The distances between the gain isoquants, indicat-
ing equal increments in output per animal, become increasingly 
greater. 
TRANSFORMATION LINE WITH ONE FEED VARIABLE AND 
ONE FEED F'IXED 
Lines ql and ml represent the feed transformation ratio when 
one feed quantity is held constant while the other is increased 
to give greater gaills. In contrast to lines OL, OIf. and OM, the 
ratio of the two feeds changes along lines ql and ntl. Using qZ 
for example, feed A is held constant at Oq (i.e., the animal is 
fed a fixed amount of two pounds per day-the quantity Oq-
over the total feeding period, regardless of the amount of B 
fed). The quantity of B is increased to give increased weight 
per animal. The segments q1t, nr and 1'Z have the same impli-
cations as the segments for the fixed mtion lines mentioned 
above. If they were constant (i.e., qn, nr and 1"Z were the same 
length) one feed would be transformed into gain at a constant 
rate. If they become increasingly longer, as they go from one 
isoqnant to another, the transformation rate is getting smaller. 
In our example where A is held constant at Oq, the first 50 
pounds of gain (isoquant de) requires 50 pounds of feed B or 
a transformation ratio of 1:1; as an average three pounds of 
feed give one ponnd of gain. The second 50 pounds of gain 
(isoquant fg or a total gain of 100 pounds) requires an addi-
tional 200 pounds of feed (a total of 250 pounds) for a trans-
formation ratio of 1 :4. The ratio is 1:7 for the third 50-pound 
gain, a total gain of 150 pounds from a total input of 600 pounds 
of B. A similar phenomenon is indicated on line mZ, or any 
other vertical or horizontal line drawn through the contour map. 
Diminishing returns hold true for either one of the feeds when 
it is increased while the other is held constant. 
Figure 4, the counterpart of fig. 2, illustrates the case where 
(1) one feed replaces the other at a constant rate regardless of 
the combination (the contour lines vw, ny and zk are all linear), 
(2) a fixed ration results in a constant rate of transformation of 
feed into meat (since on the fixed ratio linc OX-or OY 01' OZ-
the distance Oa, nb and be are all equal) and (3) an increase 
in one feed, with the other one fixed-results in a constant rate 
of transforming feed into gain-nl" and rl are equal. (The por-
tion similar to qn from fig. 3 is not shown since n originates at 
the end of isoquant vw). The relationships of fig. 4 are not likely 
paralleled for many feeds or types of livestock. 
One additional difference between the feed-production rclation-
ships of figs. 3 and 4 (or figs. 1 and 2) can be pointed out: Sinee 
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the isoquants in fig. 4 intersect both axes, they indicate that a 
given gain can be produced by use of only one feed. Complete 
substitution can take place. In fig. 3, the isoquants become 
asymptotic to both axes, indicating that while the two feeds 
are substitutes within .one range, they eventually become limit a-
tional. They are limitational in the sense that some minimum 
quantity of either feed is necessary to produce a given output 
of product. (For some feeds, the isoquant curves may even 
become entirely vertical or horizontal.) 
A third possibility 
is shown in fig. 5. It 
illustrates the case in 
which the two feeds 
substitute at a dimin-
ishing rate (because 
the isoquants are 
curved) but complete 
substitution can take 
place. In fig. 5, di-
minishing rat e s of 
transformation hold 
true, both for feeds 
increased in fixed pro-
portions along the 
ration line and for 
(lne increased while 
the other is held con-
stant. 
All three substitu-
Fig. 6. Diminishing substitution rates and tion situations (figs. 
neither feed of limitatlonal nature. 3, 4 and 5) probably 
.1I50! 
have some application 
to livestock rations. Constant substitution rates likely apply 
to No. 1 corn and No. 2 corn for most livestock; they may also 
apply to two protein sources such as linseed and soybean oilmeal. 
(Substitution can be at a constant rate even though the ratio 
differs from 1:1.) . 
Diminishing rates of substitution with an eventual limitation 
range likely apply for most animals within certain classes of 
carbohydrates Rnd within classes of proteins. Diminishing rates 
of substitution with complete replacement likely exists within a 
limited output and grade range between forage and grain for 
meat animals. 
SLOPE AND SUBS'TITUTION RATIO 
The slope of the isoquant lines in figs. 3, 4 and 5 denotes sub-
stitution ratios (replacement ratios) for the two feeds, at each 
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particular point on the equal-product lines. Because the isoquants 
of fig. 4 are straight lines their slope is constant and, therefore, 
substitution ratios are also constant. 
Figure 6 (two isoquant lines as in fig. 3 or 5) can be used to 
further illustrate this. Suppose we start at the point z on iso-
quant qz (a 50 ·pound total gain). If we shift to point land 
retain total gain at 50 pounds, we substitute 4 pounds of feed 
G for 12 pounds of feed R. If we move to point n-still with 
constant output-the second four-pound unit of G substitutes 
for only 6 pounds of R.The third and fourth four-pound units 
of G substitute for only 3 and 1 pounds of R respectively. In 
other words one pound of G substitutes for an average of 3, 
1.50, .75 and .25 pounds of R in the intervals zl, In, nm and '1Itd 
respectively. These are average substitution rates since they 
refer to intervals rather than single points on the isoquant. 
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If we take a single point on an isoquant (point p on isoquant 
fo, for example) and draw a line tangent to it, the slope of the 
tangent line indicates the rate of substitution at that particular 
point. In fig. 6, the line TN which has a slope of 6G/6H or 1.0 
is tangent to isoquant fg at point p. Therefore, the substitution 
rate of feed H for feed G at that point is 1.0, when the ration 
includes Or quantity of feed G and Os quantity of feed Hand 
total gain is 100 pounds. The substitution rate corresponding 
to all other points on fg will be different since the isoquant is not 
a straight line. 
MINIMIZING COST 
The feed cost of producing any given gain or output per 
animal is at a minimum when the feed substitution rate is in-
versely equal to the feed price ratio. This point can be illustrated 
with simple arithmetic in the manner of In below. Here the A 
sign refers to "the change in" and hence AA refers to the change 
in feed A and A~ refers to the change in feed B. P b refers to 
the price of feed B 
la AA/AB=Pb/Pa 
2a AA/ AB > Pb/P a 
3a AA/AB<Pa/Ph 
Ib (AA) (Pa ) = (AB) (Ph) 
2b (AA)(Pa) > (AB) (Ph) 
3b (AA) CPa) < (AB) (Pb ) 
and Pa to the price of feed A.5 Hence, AA/AB refers to tIle rate 
of substitution of feed B for feed A-the amount of A replaced 
by each unit of B. Equation 1b-a simplification of 1a- illus-
trates that when the two ratios arc eqnal, the value (the quan-
tity multiplied by its price) of feed B needed to replace feed A 
is just equal to the value of the A replaced. 
Equation 2a says that when the substitution rate of feed B 
for feed A is greater than the price rati{) of B to A, feed B 
should be substituted for feed A. In other words, cost is at a 
minimum when we find the ration where the substitution rate 
is inversely equal to the price ratio. As is illustrated in 2b, the 
value of A (the quantity mUltiplied by its price) replaced by 
B is greater than the value of feed B used to replace it ; B should 
be substituted lor A if costs arc to be reduced. Equations 3a 
and 3b show that when the rate at which B substitutes for A 
is less than the price ratio of B to A, feed A should be substi-
• In the following section, we derive these substitution ratios. Since they 
are obtained as derivatives we use the symbols dA/dB (dA and dB) '"8teaa 
of tJ.A/tJ.B (tJ.A and aB) to indicate that we are concerned with "Infinitely 
small" changes In B and hence the amount of A that Is replaced by a "one 
unit" change In B. 
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tuted for feed B; the amount spent on A is less than «) the 
value of B replaced.6 
The same logic can be illustrated geometrically with a contour 
map. I_ine sr in fig. 7 is a livestock product isoquant. (It is only 
one of a family such as those in figs. 3, 4, 5 and 6.) We now 
present an isocost line which shows all of the quantities of two 
feeds which can 
b e purchased 
with a gi ven 
outlay,of money. 
In fig. 7 feed A 
costs two cents 
per pound while 
feed B co sts 
four cents. We 
have $4.00 to 
spend on feed. 
I80c08t line ab 
represents a 11 
possible combi- ~ 
nations of feeds Iri 
A and B which ~ 
can be purchas-
ed with $4.00. 
We can buy 200 
pounds of A and 
none of B (point 
a), 100 pounds 
of A and 50 of 
B, or any other 
comb ina t ion 
(point) indicat-
s 
300 
100 
r (100) 
ed on the isocost 
(equal . cos t ) 
line abo T Tt e 
slope of an iso-
Fig. 7. Selecting a ration to minimize feed costs 
per pound ot livestock production. 
cost line al,ways 1'ep1'esents the price ratio of the two elements 
(feeds) being compa1'ed. 
In fig. 7, all of the i80cost lines have a slope 1B :2A or a BI A 
price ratio of 2.0 (an AlB price ratio of .5). Now if we wish 
to produce the 100 pounds of gain represented by the isoproduet 
• If feeds D and a substitute at a constant rate as shown in figs. 2 and 
4. it will pay to use all of D and none of a when the price ratio Pd/Pc is 
less than the substitution rate and all of 0 and none of D when it is greater 
than the substitution rate. Only if the price ratio equals the substitution rate, 
a rare occurrence, should any combination of the two feeds be used. For an 
arithmetic illustration of this see Heady and Olson. Substitution relationships. 
resource requirements and income variability in the utilization of forage 
crops. Iowa Agr. Exp. Sta. Res. Bul. 390. . 
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(equal product) SI', we find that it cannot be produced with a 
$4.00 outlay for feed, since the $4.00 isocost line falls lower in 
the plane than the 100 pound isoproduct line. We may now 
examine an outlay for feed of $6.00. It gives us isoeost line ef. 
With an outlay of $6.00, we can produce 100 pounds of gain 
with two different rations-the ration at. point 1 on sr with a 
large proportion of feed A ahd a small proportion of feed B, 
or the ration at point 2 where the proportions are reversed. 
However, neither of these two rations allows a minimum cost 
of pork for the given gain of 100 pounds. For example, we can 
reduce our outlay for feeds to $5.50-isocost line mn. With a 
$5.50 outlay, we can produce 100 pounds of pork with either 
ration /l or 4 (i.e., the two points where the $5.50 isocost line 'Inn 
.. 
.. 
o 
cti 
'" ... 
40 140 
LB.S Of FEED B 
-...c:-__ , (100) 
Fig. 8. Effect of change in price r:::i:J on 
least-cost ration. 
intersects the 1 0 a 
p 0 u n d isoproduct 
line). But $5.50 is 
not the lowest feed 
cost since we can con-
tinue to drop to lower 
isoeost lines. Isoeost 
line cd with a $4.40 
feed outlay represents 
the minimum cost of 
pro due i n g a 100 
pound gain. Lower 
isocost lines fall be-
low the 100 pound 
isoquant and will not 
allow production of 
100 pounds of gain; 
higher isoe08t lines 
represent a greater 
outlay for feeds. Since the isocost line c(l is just tangent 
to the isoproduct line sr at the poiut or 'ration' indicated as 5, 
the slopes of the two lines are .equal and therefore the substi-
tution ratio is just eqnal to the price ratio. In other words the 
equality of equations 1a and 1b has now been attained. For 
higher cost outlays (i.e., line ef), equations 2a and 2b hold true 
at point 1 for the substitution of B for A-therefore R should 
be substituted for A. At point 2, equations 3a and 3b hold true 
and A should be substituted for B if cost is to be minimized. 
Substitution of one feed for another should take place up to 
point 5, where the substitution ratio and the price ratio are 
equal. 
For every change in the price ratio, a different comhination 
of feeds will give the least-cost ration, if substitution is at a 
diminishing rate. This is illustrated in fig. 8-where the isocost 
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line cd is the same as in fig. 7 and the 100 pound gain can be 
produced at a minimum cost with the feed combination including 
140 pounds of A and 40 pounds of B. Under the price ratio in-
dicated by isocost line fg in fig. 8 (a price of foul' cents for A 
and one cellt for 13 and hence 13/ A price ratio of .25) the 100 
pound gain can be produced at minimum cost with 60 pounds 
of A and ]40 pounds of 13-a total cost of $3.80. 
THE OPTIMUM WEIGHT OR OUTPUT (THE OP'l'IMUM 
FEED INTAKE) 
We have illustrated the most profitable (least-cost) ration 
for a given output. Additionally important in livestock produc-
tion is what amount of feed should be given the animal (i.e., 
what level of production should be attained from it) 1 The 
conceptual apswer can be given in fig. 9. '1'he task is one of 
adding feed and hence weight, always keeping the feed com-
bination which will minimize outlay for any given 'Weight, as 
long as the added value of the product is greater than the added 
cost of the feed.1 In fig. 9 the curves mn, pq and l'W are iso-
quants (lines showing all of the combinations of two feeds which 
will produce a given amount of livestock gain) while lines ab, 
cd and ef are isocost lines. 
The least-cost ration in producing 75, 125 and 165 pound gains 
on an animal arc thus represented by tangency of the isoproduct 
curves and the isocost lines. Line LJJI shows that (if all possible 
livestock isopl'oduct curves were put on the map) the ration 
should be altered to get least-cost gains for each weight of the 
animal, as the animal grows and reaches higher weights. This 
path of the most profitable ration for increasing feed inputs and 
gain for a single animal is called the expansion path. Under 
SOme conditions the expnnsion path and the ration line (scale 
line) will be identical. The snme ration would then be the most 
profitable one for all weights of animals. However, it is more 
likely in meat production that the expansion path differs from 
the ration or scale line. 'l'herefore, different rations give lowest 
feed costs for different weights on the same animal. 
1 For a given ration this statement says that as long as the ratio of 
change in production to change in feed is greater than the ratio of feed to 
product price (equation l'a below) more feed shOUld be used since the value 
of the addcd gain is greater than the value of the added feed (equation l'b 
below) where ilG refers to increment of gain, ilF refers to increment of 
feed and PI and p. refer to the price 
l'a ilG/illt'>PJ!Pq l'b (ilG) (PrJ) > (ilF) (PI) 
of feed and gain respectively. This could also be shown by use of 11 single 
feed input-livestock output curve and a price ratio line. However, the input-
output curve is not presented until the next section where it is derived from 
experimental data. 
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Fig. 9. Expansion path of least-cost ration and ration line. 
In fig. 9, tangency of the product isoquants with the cost 
isoquants indicatcs least-cost rations for succcedingly highcr 
animal weights and traces out thc expansion path LM. It is 
curved (in contrast to the scale or ration line OJ( which is linear 
and passes through the origin) denoting that, if feed costs are 
to be minimized, a relatively greater proportion of feed A should 
be fed as the animal reaches heavier weights. It is entirely pos-
sible, of course, that for some types of livestock and some type~ 
of feed, the expansion paths and ration lines may coincide. 
The animal shonld be carried up the expansion path until 
the product feed transformation ratio is eqnal to the feed prod-
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uct price ratio. As soon as the product feed transformation 
ratio becomes less than the feed product price ratio, greater 
weight or production from the animal adds more to the cost of 
feed than it adds to the value of livestock product. (See footnote 
7 for the case where the transformation ratio is greater than 
the price ratio.) 
OTHER CONCEPTS OF FEED SUBSTITUTION AND 
LIMITATIONAL ELEMENTS IN NUTRITION 
While some isoquants in livestock production may be similar 
to those in fig. 4 denoting constant substitution rates, this pos-
sibility is much less prevalent than many procedures used in 
livestock production would suppose. The use of the T.n.N. 
concept in evaluating a livestock ration, for example, generally 
assumes constant rates of sub-
stitution between all of the feeds 
k 
~~ Tt I "'~'"'' ::' I l/if--- y 
'" I I 
..J _ I I .100 LB. GAl N 
I I I 50 LB. GAIN 
l I : 
LBS. FEED M 
to which the procedure is ap-
plied. In other words a pound of 
T.D.N. in hay, grain or protein 
is assumed to replace a pound 
of T .D.N. in any other feed re-
gardless of the proportions in 
which the feeds are combined.s 
In many cases where pounds of 
T.n.N. are computed as a basis 
for evaluating rations, the pro-
cedure is misleading since live-
stock isoquants are of the nature 
shown in fig. I, 3 or 5 rather 
th . fi 2 4 Fig. 10. Two feeds of lImltational an In g. or . nature and zero substitution pos-
Another extreme assumption siblllties. 
sometimes implicit in ration 
recommendations supposes the isoquants and product contours 
are of the nature indicated in fig. 10. The isoquants, indicating 
the feed combinations which will produce a given gain, are now 
represented by WV, xy and km. They have two linear segments 
and form a right angle and thus suppose that only a single feed 
combination will produce the specified amount of livestock 
product. Any increase in one feed beyond this quantity, with 
input of the other held constant then would add nothing to 
production-would replace none of the other feed, but simply 
represent a "vertical or horizontal movement" along this unique 
product isoquant. This assumption of the livestock production 
• See F. B. Morrison. Feeds and feeding. Morrison Publishing Company. 
Ithaca.. N. Y. 1937. for illustrations of computing and using T.D.N. In evalu-
ating livestock rations. 
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contour is implicit in a single ration feeding recommendation, 
such as 16 percent protein for hogs of a given weight, regard-
less of the price ratio of the feeds. 
With the production process illustrated in fig. 10, price ratios 
\vould be unimportant in determining the best ration since the 
single feed combination (the "point of the angle" of each con-
tour) is all that can be used if the specified gain is to be pro-
duced.1I In the physiological processes .of the animal, combination 
of nutritive elements in fixed proportions with no possibilities 
of substitution is not uncommon. However, for the original feed 
sources from which the animal derives nutritive elements and 
for which the farmer must make economic decisions, some lati-
tude of substitution is more commonly the case. Rather than 
being strictly of a limitational or complementary nature as in 
fig. 10, feeds more often contain one range of combination where 
they do substitute for each other (denoted by a negatively slop-
ing portion of the isoproduct curve) and another range where 
they are limitational or complementary (denoted by the fact 
that the uppcr portion of the product curve becomes vertical 
and has an infinite slope while the lower portion becomes hori-
zontal and has zero slope) .10 :H'eeds which have both a range of 
substitution and complementarity are illustrated in fig. 3. 
OTHER EXPANSION PATHS 
The production situations presented in previous figures wcre 
for total gain or production from an animal (they apply to 
milk production from a dairy cow as well as to meat from hogs, 
poultry, shecp or cattlc). If gain and product isoqnallts arc 
measured in tcrms of daily. gain instead, the substitution oppor-
tunitics and "extrcme limits" in expansion paths arc better 
illustrated by fig. 11.11 Here the family of daily gain isoquants, 
and hence the substitution possibilities for each level of daily 
gain, are bounded by the limit ELM. The endpoints of the daily 
gain contours falling on the ELM boundary show the maximum 
quantity of one feed which can be substituted for another, if 
the indicated daily gain is to be attained. 
For example, suppose 'We wish a daily gain of 1.0 pound-the 
daily gain isoquant or .contour dg. At one extreme we can usc 
no more than ot of fced P and no less than om of feed G; at the 
• In some instances, both ends of the contour may take on a positive 
slope indicating that if too much of one feed is used, more of the other will 
also be needed over the animal's life to produce a specified gain. 
,. See footnote 9. 
n The figure is presented as a "general concept" in animal feeding and 
the substitution limit lines EL and ML are not presented as applicable to 
anyone class of livestock. These relationships, like those of the contour lines, 
are yet to be established for most classes of livestock. 
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other no less than or of feed P and no more than on of feed G, 
if we wish this daily rate of gain. Other combinations of P and 
G which will give this daily gain are on the contour line dg 
between EL and LM (i.e., between points d and g). The same 
situations are represented on other product contour lines. How-
ever, only one ration will allow a maximum daily gain of 2.5 
pounds. This is the ration represented by the intersection of 
lines EL and ML. 
For feed price ratios falling in an intermediate range, the 
expansion path--showing least·cost rations for daily gains of 
different levels-will 
be within the bound-
E aries of opportunities 
(i.e., between 1 i n e s 
EL and L1I1) and will n - - d ~i~nalfty~~~ ~~:~~~~ ... '.~"" ..... &=!.: : - ~1.5--~~_2.5 
for GIP prIce ratios '" ~ 
~1~ic:xp~~Si:~r~ al~~ 0 .L .............. _ _200/'L 
will follow EL (be-:i _ - - : 9 
cause the cost and ... 
gain isoquants must 
be tangent along this 
line or they will in-
tersect with the cost 
lines having a great-
0~------~--~---7-------------~ 
LBS. FEED P 
er slope than t h () 
product contours). If 
the relative price of 
Fig. 11. Limits of substitution for given 
levels of· daily gain. 
P to G is very low, the expansion path of most profitable rations 
will follow the boundary line 11[L for the same reasons. 
Even for total gain per animal--irrespective of daily gain-
the product isoquants may fall within a set of boundaries such 
as ELM; or a singlc boundary such as 1IIL may cxist on one side. 
Figure 11 is true particularly for feed substitution with cattle 
where 'We refer onr isoquants to a single gradc of meat. It also 
applies to a dairy cow: Her stomach capacity limits fornge 
intake for a' given production levcl; on the other hand, her 
physiological well-being specifies the minimum forage intake.12 
Our analysis thus far has touched only certain aspects of 
maximizing profits in livestock feeding. Thesc are the least-cost 
ration for any output and the optimnm marketing weight. The 
models or logic prcsented for these purposes provide the basis 
for the design of our study and the empirical analysis which 
.. For further details on points such as these, see Heady, Economics of 
agricultural production. Prentice-Hall. New York, 1952. Chs. 5 and 6. 
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follows. (With slight modifications they also apply to other 
problems in livestock nutrition.) The problems of product price 
will be analyzed in a later section. 
STATISTICAL ANALYSIS 
The previous logic and geometric presentation provides a set 
of hypotheses upon which research in animal nutrition should 
be based to be most useful for eeonomic decisions. It is from 
these alternative models that relevant hypotheses ean be selected 
in animal nutrition. These models or geometric illustrations of 
production processes and profit maximizing eonditions are drawn 
from the literature of produetion economics. They provide a 
framework for experimental designs and statistical analyses 
aimed toward improved eeonomic analysis of problems which 
farmers face in choosing livestock rations. 
The models, as well as providing a set of hypotheses to be 
tested, suggest alternative statistical approaches. For example, 
an assumption that the livestock production process most nearly 
parallels the situation in fig. 10 would suggest that "distinct 
rations representing discrete opportunities in feed use" are 
to be predicted. This assumption would specify analysis of var-
iance and replicated treatments (rations) as the appropriate 
empirical procedures. However, an assumption that the produc-
tion process more nearly parallels the mathematical models of 
figs. 1, 3, 5, 6, 7, 8 or 9 would specify quite different empirical 
designs. Regression analysis rather than analysis of variance 
becomes the more appropriate' statistical tool for testing the 
hypotheses; many individual treatments (rations) scattered over 
the production surface become a more optimum experimental 
design than a few treatments replicated several times. 
Of course, the same empirical approach allows the testing of 
alternative hypotheses. For example, the possibility of produc-
tion surfaces as in figs. 3, 4 or 5 can be tested with the same . 
set of data. Regression analysis which provides significant linear 
coefficient!> only supports fig. 4. Lack of significance for regres-
sion coefficients allowing interaction of feeds would support 
fig. 5. Coefficients which are significant in a probability sense 
and allow interaction support figs. 1 and 3. 
Some background information of grain-protein substitution 
in pork production is already available. Previous experiments 
suggest that for light hogs, supplementary protein ordinarily 
is a limitational feed-some amount of it is necessary to attain 
a given gain. With this information, a particular problem in 
grain/protein replacement (or protein levels) for pigs becomes 
more nearly one of estimating the substitution rates. This ex-
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periment has been designed accordingly, and the design and 
analysis allow the testing of alternative hypotheses with respect 
to the nature of pork isoquants and grain/protein substitution 
ratios. ' 
WhHe an experimental design based on many individual pigs 
for different treatments scattered over the contour lines and 
the ration lines would have been sufficient for the analysis which 
follows, replicated treatments or rations were used since (a) 
sufficient observations could be obtained to allow regression 
analysis with replication and (b) previous analysis of this nature 
and the possibility of using the data for other uses favored this 
procedure. 
An important part of the statistical analysis which follows 
is based on the logic from the previous section. In estimating 
the production surface, gain per pig (Y) has been used as the 
dependent variable while corn (C) and soybean meal (P) have 
been used as the independent variables. Regression equations 
or production functions have' been estimated separately for 
rations which did and did not contain aureomycin. (The ration 
containcd 5 mg. aureomycin per pound total ration where anti-
biotics were included.) 
For the hog ration it is highly likely that both corn and pro-
tein become near-limitational feeds. Corn alone, since it includes 
a small percentage of vegetable protein, may allow gain at only 
a very slow rate. Soybean meal, if fed alone, may throw the pig 
off feed and thus have a similar effect. Hence fig. 3, or some 
modification of it, provides a likely hypothesis of the pork 
isoquants and substitution rates. A production function or re-
gression equation is needed which (a) allows the productivity 
or g~in realized from one feed to depend on the quantity of 
the other, (b) allows diminishing productivity of one feed by 
itself or two feeds together, (c) allows diminishing rates of 
substitution and (d) allows the product contour lines to become 
asymptotic to the axes if a sufficient range of observations is 
available (although this condition may not be required for all 
combinations of corn and vegetable protein and is not necessary 
where the range of observations do not extend into the limi-
ta tional area). 
A function which provides these possibilities (as well as 
others) is one which is linear in the logarithms of the obser-
vations, sometimes called a Cobb-Douglas function. Its form is 
indicated in equation 4. An alternative equation which allows 
the required relationships is a quadratic equation as in equation 
5 where a linear, squared and cross-product 
(4) ¥=aCb pc 
(5) ¥=a+bC+cP-d02-eP2±f(OP) 
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term has been included for each feed; the cross-product term 
has been included to cause the effect (transformation rate) of 
corn to be dependent on the quantity of protein. This equation, 
if sufficient observations are available, may give a set of isoquant 
contours such as fig. 5; the contours need not become asymptotic 
as in the case of equation 4. It was thought, since the obser-
vations available do not cxtend into extreme ranges, that either 
equation might servc satisfactorily. In addition to these two 
algcbraic equations, one with original observations converted 
to square root terms and one with ratio terms were tried with 
certain data. 
From these alternative equations an attempt has been made 
to derive the relationships and ratios which are important for 
farmer chQiccs in pork feeding and production. The observations 
have been divided into three-weight ranges of 34-75, 75-150 and 
150-200 pounds with a regression equation estimated for each. 
In addition a regression equation has been estimated for the 
complete weight range, 34-200 pounds. Hereafter the regres-
sions for individual weight ranges will be referred to as intel'val 
functions; those for 'the 34-200 range will be referred to as 
oVC1'all functions. 
A different function was fitted for three weight intervals to 
allow greater flexibility in substitution rates. This statement 
applies particularly to the logarithmic or Cobb-Douglas func-
tion, Although it allows diminishing rates of substitution, and 
diminishing productivity of both feeds increased in constant 
propol;tions or one increased by itself, derived as a single rcgres-
sion equation it does not allow the substitution rate to change 
with hog 'Wcight. In other words for a mtion or scale line as in 
fig. 3, all contour lincs will have thc same slope or rate of substi-
tution at each point they intcrsect the ration line. The quad-
['atic, ratio or square root cquations allow substitution rates to 
change along a scale or ration line. Since thc logarithmic func-
tion has one positive advantage in the -sense that it allows 
the feeds to become limitational (or near-limitational), it was 
decided to fit individual functions to each interval. 'l'hns the 
logarithmic functions for different intervals allow different rates 
of substitution in each. While a different substitution rate at 
each pound-change in hog weight is theoretically and logically 
possible, substitution rates which serve as "averages" over a 
few weight intervals arc sufficient for farmer decisions-a given 
ration is likely fed for several days, ruther than changed every 
day, While the Cobb-Douglas functions for the intervals cause 
the intersection points of all weight contours and ration lines 
to have the same substitution rate. within an interval, it does 
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allow estimation of three different substitution rates, as aver-
ages, for the three weight intervals. 
REGRESSION EQUATIONS 
The regression equations (production functions) derived from 
the experimental observations arc included below. These equa-
tions give the algebraic counterpart of the geometric presenta-
tions of figs. 1 and 2; they allow prediction of the entire pro-
duction surface. In estimating feed relationships, gain was con-
sidered to be a function of the two classes of feeds, rather than 
calling one feed a function of the other, since (1) this procedure 
best corresponds to the theory of production and (2) it allows 
minimization of deviations from regression relative to pig gain 
rather than to either feed alone. Under a procedure wherein one 
feed is termed the independent variable and the other is used 
as the dependent variable, choice must be made as to whether 
deviations from regression should be minimized relative to one 
or the other (i.e., either in a vertical or horizontal direction on 
a two-dimensional graph). Choice here would be entirely arbi-
trary since either feed can serve as the dependent or independent 
variable. The estimated regression coefficients below eliminate 
the necessity of specifying one feed as the dependent variable 
and also conform with the logic of production. Regression equa-
tions arc provided separately for the two major dry-lot experi-
ments used as a part of this study. 
In the first, begun in the fall of 1951, some of the pigs con-
tracted a slight case of skin disease. In the second, begun in the 
late spring of 1952, the experimental design was similar though 
perhaps feed measurements were refined over those of the earlier 
experiment. The observations from these two experiments have 
then been pooled as a further basis for estimating interval and 
overall functions. It is likely that the pooled results more nearly 
parallel typical farm conditions than either experiment by itself. 
Also, separate regression coefficients have been estimated for 
the protein level study (experiment 506) run in the spring and 
summer of 1951: The l'atiollR and other conditions in this ex-
periment were identical with the others except that each lot 
was not fed the same ration over the complete weight range; 
protein levels were lowered as successive weights were reached. 
Finally, the observations from this study have been pooled 
with those from the two studies mentioned above for further 
estimates of the productivity and substitution coefficients. 
(Regression equations for the single experiment, 506, are re-
corded elsewhere.) 
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T. Production Functions.1s 
A. Production functions: Experiment 536 b~gun in fall of 
1951 
1. With aureomycin 
(a) Cobb-Douglas 
34 - 75 lb.: Y = 1.4450·547P:289 
75-150 lb.: Y = .5550·70fip.151 
150-200 lb.: Y = .4670·700p.161 
overall : Y = 1.3600.030 P'201 
(b) Quadratic crossproduct 
34 - 75 lb. : Y = 1.508+ .2990+.854P 
- .0004902 - .0107p2+ .001720P 
75-150 lb. : Y = -4.956+.3650+ .364P 
- .00027902 t - .000796P2l1< 
-.49560P:j: 
150-200 lb.: . Y = .827 +.2420+.220P 
- .00028902 - .0053p2+ .002860P 
overall: Y = 2.032+ .3240 + .464P 
- .00012902 - .000917p2 
-.0001110P 
2. Without aureomycin 
(a) Cobb-Douglas 
34 - 75 lb. : Y = 1.6580·464P·357 
75-150 lb. : Y = .3420·038p.063t 
150-200 lb.: Y = .3450·888p.096 
overall: Y = 1.1740.651 p.1i9 
(b) Quadratic crossproduct 
34 -75Ib.: Y=3.026+.141C+1.300P 
+ .00063502 t - .0182p2 
- .000902CP:j: 
75-150 lb.: Y= -7.478+.44~0+.0617P:j: 
- .000501C2+.000125p2:j: 
- .0000690P:j: 
150-200 lb. : Y = -2.107 + .3140+.161Pt 
- .00046902 - .00255p2 
+.001140Pt 
10 :j:Regression coefficients significant at a probability level of more than 
20 percent: t significant at 10-20% : • significant at 5-10% ; no asterisk means 
a regression coefficient significant at a probability level of 5 percent or less. 
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overall : Y = 2.815+ .3180+.348P 
- .00010802 - .000665Pz 
- .0001l80Pt 
B. Production fUnctions: Experiment 554 begun in spring 
of 1952 
1. With aureomycin 
(a) Cobb-Douglas 
34 -751b.: Y = 1.874P·m O·493 
75-150 lb.: Y = .815p·1740·735 
150-200 lb.: Y = .523p·052 0·864 
overall: Y = 1.412p·2180·626 
(b) Quadratic crossproduct 
34 - 75 lb. : Y = 4.424+ 1.1l8P+.20080 
- .0298p2- .00040602 t 
+.00986PO 
75-150 lb. : Y = 1.365+ .448P+.31l0 
- .00395P2- .00017302 t 
+.000964POt 
150-200 lb. : Y =4.687 + .0195P:j:+.2630 
+ .00309 pz+ .000127 02:j: 
- .000994POt 
overall: Y = .125+ .995P+.2820- .000865p2 
+ .00004602 - .00144PO 
2. Without aureomycin 
(a) Cobb-Douglas 
34 - 75 lb.: Y = 1.820P·2770·5Z9 
75-150 lb. : Y = .814p·2180·601 
150-200 lb. : Y = .428p·0890·877 
overall: Y = ] .577p·229 0·592. 
(b) Quadratic crosspl'oduct 
34 -75Ib.: Y =2.892+.996P+.2860-.017pz 
-.00054302t+.00486PO· 
75-150 lb.: Y = .317 +.2900+.472P- .00570p2 
- .00031202+ .00207PO 
150-200 lb.: Y = -5.561+.158Pt+ .3820 
- .00368p2*- .00047402 
+.00148POt 
overall: Y = 6.441 + .692P + .2580 - .00307 p2 
- .00007702+.000615PO 
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C. Production functions: Experiments 536-554 pooled 
1. With aureomycin 
(a) Cobb-Douglas 
34 - 75 lb. : y = 1.600P·297 0·533 
75-150 lb.: Y = .714P·1420· 767 
150-200 lb.: Y = .439p·0920·SliO 
overall: Y = 1.369p·2ooO·636 
2. 'Without aureomycin 
(a) Cobb-Douglas 
34 - 75 lb. : Y = 1.6G2p·287 0.529 
75-150 lb.: Y = .614p·1G3 0·77o 
150-200 lb. : Y = .343p·081 0·91G 
overall: Y = 1.422p· 2080·G16 
D. Experiments 506-·536-554 pooled 
1. With aureomycin 
(a) Cobb-Douglas 
34 - 75 lb.: Y = 1.607p·3030·530 
75-150 lb.: Y = .751p·136 0·762 
150-200 lb. : Y = .442p·llOO·819 
2. Without aureomycin 
(a) Cobb-Douglas 
34 - 75 lb. : Y = 1.762p·289 0·514 
75-150 lb. : Y = .523p·1580·805 
150-200 lb. : Y = .346p·090 0·907 
E. Other production functions estimated for experiment 554 
1. With aureomycin; overall 
(a) Quadratic ratio 
. Y = 12.240+.372P+ .3640- .000977P2 
-.00012602 -1.0100IP . 
(b) Quadratic square root 
Y = -8.782- .794P+ .07540+4.966Y p 
+1.196Y 0+ .750Y PO 
2. Without aureomycin 
(a) Quadratic ratio 
Y = 12.659+ .454P+ .3290- .00120P2- .00010702 
-.9810IP 
(b) Quadratic square root 
Y = -13.302- .190P+.2060+8.77Y P 
+.477Y ct+.033Y pot 
Other statistics, including thc standard errors of estimate 
and the t values for the productivity coefficients above, are pre-
sented in the appendix. After (1) examining the variance and 
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significance levels of the regression coefficients, (2) plotting 
the computed input-output curves and isoproduct contours and 
(3) reviewing the under lying proQuction logic and physiological 
basis for pork production and .nutrition, it was decided to use 
the Cobb-Douglas or logarithmic functions in the text for the 
first two pooled experiments (536-554) and the three pooled 
experiments (536-554-506). These functions with aureomycin, 
including both interval and overall functions (I-C-l-a 
and I-D·-l-a), are uscd for the derivation of the pork pro-
duction coefficients and substitution rates in the main section 
of this report. 
The two sets of pooled data for aureomycin give similar pro-
ductivity coefficients. Probability tests show no signifieant dif-
ference between them (i.e., 536-554 pooled vs. 536-554-506 
pooled). The research workers felt that (of those derived) these 
estimates are the most useful for providing recommendations and 
information to farmers for economic decisions on hog rations. 
However, since many of the remaining functions are useful, 
and may in fact be more applicable for certain estimates than 
those used, additional information is provided in the text. Other 
persons may select them for particular analyses, or in instances 
where they are felt to be more efficient for estimating purposes 
than those used in the text. . 
The equations below provide the basis for deriving contour 
quantities (equations showing thc combinations of feeds which 
can be used to produce a given weight) and substitution rates. 
The isoproduct or contour equations are derived directly from 
the production function equations in I above; in turn, the equa-
tions of feed substitution rates in III are derivcd from the pork 
isoproduct equations in II. (The contour and substitution equa-
tions for some of the quadratic equations and some with ratio 
and square root terms are given in the appendix.) 
The pork contour or isoquunt equations which follow under II 
can be used to derive all the possible combinations of corn and 
soybean meal which produce a given amount of gain. They pro-
vide the empirical counterpart of the isoproduct curves shown 
in figs. 3 and 5 (or in fig. 4 if the squared and crossproduct 
terms in the quadratic eqnations are not significant and only 
lineal' terms arc used). The Cobb-Douglas pork isoquant equa-
tions provide contours (fig. 3) where protein is allowed to become 
a limitational factor if very little is fed in proportion to the 
amount of corn fed. The quadratic equations allmv the contours 
(fig. 5) to intersect the axes in extreme observations, rather than 
become asymptotic as in the case of the Cobb-Douglas functions.14 
U The Cobb-Douglas equations specify that the iosproduct contours can-
not intersect the axis thus allowing 100 pounds of pork to be produced with 
one feed alone. The quadratic equations allows intersection. The one selected 
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The equations under III define the slopes of the product 
isoquants from II; they show the rate of change (substitution 
rate) as protein or corn replace each other. They are computed 
from the equations under II as derivitives. Both sets of equa-
tions are used in later sections for deriving rations to produce 
100 pounds of gain and to estimate corn/protein substitution 
rates. 
II. Contour or Pork Isoproduct Equations 
A. Experiment 536 
1: With aureomycin 
(a) Cobb-Douglas 
1 
34 - 75 lb. : C _ (Y ) .547 
1.445P·2~9 
1 
75-150 lb.: C= ( Y ):795 
.555p·151 
1 
150-200 lb. : C= ( Y ):796 
.467p·161 
1 
overall : (! = (1.3~op.201) .6303 
(b) Quadratic overall 
c = - (.324- .000111P) ±y.l06+.000168P- .000000461P2- .000516Y 
-.000258 
2. ·Without aureomycin 
(a) Cobb-Douglas 
1 
3 C- (Y ).464 4 -75lb.: 1.658p·357 
1 
75-150 lb.: c= ( Y ) .938 
.342P·063 
Footnote 14_ (cont.) 
depends on the kind of livestock and feeds under analysis; in some cases, one 
of a pair of feeds may be fed alone to give the specified product. For small 
pigs, and for a single function most nearly applicable to all weights, the 
Cobb-Douglas functions were chosen for the tables which follow. However, it 
is possible that the Cobb-Douglas function might apply best In intervals or 
low weight while the quadratic applies best for heavy weights. Also, for data 
presented here where the observations do not fall in extreme ranges, either 
function may be satisfactory. For further details on these points, see Heady. 
Earl O. Estimating input-output relationships. Jour. Farm Econ. Vol. 34. 
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1 
150-200 lb.: C _ (Y )-:Ss8 
.354p·0958 
1 
overall: C _ (Y ):657 
1.174P·179 
(b) Quadratic overall 
C = (.0001l8P- .318) -t- y'.102+ .0000750P- .000000274p2 - .000432Y 
, -.000216 ' 
B. Experiment 554 
1. With aureomycin 
(a) Cobb-Douglas 
1 
34 - 75 lb. : C = (Y ):403 
. 1.874P·323 
1 
75-150 lb. :, 0 _ (Y )Ta5 
.815p·174 
1 
150-200 lb. : 0 _ (Y ):B64 
.523p·0522 
1 
overall: 0 _ (Y ):626 
1.412p·218 
(b) Quadratic 
34 -751b.: 
O=247.256+12.144P-t-1231.527 .0000489p2+.00577P+.0475+.00162Y 
75-150 lb.: 
C = 898.164+2.786P±2890.173 y' - .00000181p2+ .000909P+.0975 - .000692Y 
150-200 lb. : 
C = -1033.327 +3.913P-t-3937 .008y'- .000000583P2- .000532P+.0665+.000508Y 
overall ': 
C = 3062.576 -15.906P±10869.565y' .00000222p2- .00992P+.07944+.000184Y 
2. Without aureomycin 
(a) Cobb-Douglas 
1 
34 - 75 lb. : C = (Y ):529 
1.820p·m 
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75-150 lb.: 0= ( y )'6~1 
.814p·218 
1 
150-200 lb.: 0- (Y ):877 
.428p·0888 
1 
overall: 0 _ (Y ) .592 
1.577p·229 
(b) Quadratic overall 
a = 1678.266+3.994P+6493.506v' - .000000566p2+.000531P+.0688- .000308Y 
C. Experiment 536-554 pooled 
1. With aureomycin 
(a) Cobb-Douglas 
1 
34 - 75 lb. : C = (1.6~5P:297) .583 
1 
75-150 lb.: ( Y ):767 0= .714P.142 
1 
150-200 lb. : C _ (Y ) .866 
- .459p·092 
1 
overall : o (Y ):0B6 
= 1.369p·200 
2. Without aureomycin 
(a) Cobb-Douglas 
1 
34 - 75 lb.: 0 _ (Y ).529 
- 1.662p·287 
1 
75-150 lb.: ( Y ).770 0= .614!P.163 
1 
150-200 lb. : C _ (y ).m 
- .343p·081 
1 
overall : C (Y ):oiii 
= 1.422p·208 
D. Experiments 554--536-506 pooled 
1. With aureomycin 
(a) Cobb-Douglas 
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1 
34 _ 75 lb. : 0 _ (Y ).530 
1.607p·303 
1 
0 - (Y ):762 75-150 lb.: 
.751p·136 
1 
150-200 lb. : 0 _ (Y )-:849 
.443p·l10 
2. Without aureomycin 
(a) Cobb-Douglas 
1 
34-75lb.: 0- (Y ).014 
.246p·280 
1 
75-150 lb. : 0 _ (Y )-:805 
.523p·158 
1 
150-200 lb. : G _ (Y ) .805 
- .346p·090 
III. Substitution Equations 
. A. Experiment 536 
1. With aureomycin 
(a) Cobb-Douglas 
34 - 75 lb. : ~~ = 
dO 
75-150 lb. : dP = 
dO 150-200 lb. : dP = 
. C 
.528 P 
C 
.190 P 
C 
.202 P 
overall : dC C = .320 p-dP 
(b) Quadratic overall 
dC . 1 ( .0000838- .000000461P ) 
dP= -.000258 .000111+ v.106+.000168P-.000000461p2-.000516Y 
2. Without aureomycin 
(a) Cobb-Douglas 
. dC 
34 - 75 lb. : dP = 
C 
.770 P 
930 
dC C 75-150 lb.: dP = .067 P 
150-200 lb. : 
overall : 
dC C 
dP = .108 P 
dC C 
dP = .273 P 
(b) Quadratic overall 
dC = 1 (.000118+ .0000375-.000000274P ) 
dP -.000216 -Y.102+.0000750P-.000000274P2-.0004324Y 
B. Experiment 554 
1. With aureomycin 
(a) Cobb-Douglas 
dCI C 
34 - 75 lb. : dP ,= .656 P 
dC C 
75-150 lb.: dP = .237 P 
dC C 150-200 lb.: dP = .0603 P 
overall : dC C 
. dP = .348 P 
(b) Quadratic crossproduct 
34 -75Ib.: 
dC = 12.144+ 3.556+.060P 
dP Y.0000489p2+ .00577 P+.04 75+ .00162Y 
75-150 lb.: . 
dC = 2.786+ .00522P-1.314 
dP - Y-.0000018p2+.000909P+.0975-.000692Y 
150-200 lb. : 
dC 1.047-.00229P 
dP = 3.913 ± Y-.000000583p2+.000532P+.0665+.000508Y 
overall : 
dC _ 15 609+ 3.402+.0241P 
dP - . - Y.00000222p2-.00992P+.0794+.000184Y 
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2. Without aureomycin 
(a) Cobb-Douglas 
dO 0 34 - 75 lb.: dP = .524 P 
75-150 lb.: 
150-200 lb. : 
overall: 
dO 0 
dP = .315 P 
dO 0 
dP = .101 P 
dO 0 
dP = .387 P 
(b) Quadratic overall 
dO .00368P-1.724 
dP = 3.994 ± Y-.000000566p2+.000531P+.0688-.000308Y 
C. Experiments 536-554 pooled 
1. With aureomycin 
(a) Cobb-Douglas 
dO 0 34-75lb.: dP = .557 P 
dO 0 75-150 lb.: dP = .185 P 
dO 0 150-200 lb. : dP = .108 P 
overall : dO 0 dP = .314 P 
2. Without aureomycin 
(a) Cobb-Douglas 
34-75 lb. : 
75-150 lb.: 
150-200 lb. : 
overall: 
dO 0 
dP = .543 P 
dO 0 
dP= .211 p 
dO 0 
dP = .089 P 
dO 0 
dP = .338 P 
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D. Experinients 554-536-506 pooled 
1. With aureomycin 
(a) Cobb-Douglas 
34 -75 lb. : dC C dP= .572 P 
75-150 lb.: dC C dP= .178 P 
150-200 lb. : dC C dP= .130 P 
i. Without aureomycin 
(a) Cobb-Douglas 
34 -75 lb. : dC C dP= .562 P 
75-150 lb.: dC C dP= .197 P 
150-200 lb. : dC C dP= .099 P 
INDICATIONS OF DIMINISHING FEED TRANSFORMATION 
RATIOS AND DIMINISHING SUBSTITUTION RATES 
Except for experimental error, most of the functions above 
express the expected conditions of (1) diminishing transfor-
mation rates of feed into pork and (2) diminishing substitution 
rates between the two feeds. Diminishing marginal transfor-
mation of feed into pork is apparent in the exponents or regres-
sion coefficients in the Cobb-Douglas production functions listed 
under 1. The exponent for either corn or protein in these equa-
tions (i.e., the regression coefficients for the data in logarithmic 
form) can be termed the production elasticities. 
They are elasticities since they indicate the percentage in-
crease in weight for each 1 percent increase in feed intake per 
pig. If these quantities are 1.0, they indicate that a 1 percent 
increase in the amount of feed increases hog weight by 1 per-
cent-feed has a constant added productivity. In all cases, how-
ever, these quantities are less than 1.0 for either corn or protein 
denoting (1) that if each feed is increased alone by 1 percent, 
weight will increase by less than 1 percent, and hence (2) the 
marginal production (the amount added to total weight or pro-
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duction from an added pound of feed) becomes smaller and 
smaller as feed intake per hog increases.Iil 
The 536-554 pooled production functions (I-C-1-a) 
show that for 34-75 pound pigs with aureomycin, corn has an 
elasticity (exponent) of .533-a 1 percent increase in the amount 
of corn fed will increase pig weight by only .533 percent. Sim-
ilarly, the elasticity for soybean oilmeal is .297, indicating that 
this percentage increase in weight can be expected from a 1 per-
cent feed increase. POl' all of the logarithmic regrcssion coeffi-
cients presented under I, the quantity is less than 1.0 for either 
corn (C) or soybean meal (P) alone. 
The sums of the exponents for corn and soybean meal suggest 
thc general nature of the input-output or feed transformation 
ratio as they are fed in a ration of 'fixed proportions (i.e., a 
ration of say 16 percent protein fed from one weight to another). 
A sum of 1.0 indicates that a 1 percent increase in the. two 
feeds, always held in constant proportions, will result in a 1 
percent increase in weight or pork output. For all of the logarith-
mic functions derived, however, the sum of the exponents is 
less than 1.0. This indicates that as more feed is fed, always 
with corn and protein in the same proportion, the hog will gain 
weight-but at a diminishing marginal rate. In the overall 
function for 536-554 pooled with aureomycin (I-C-1~) 
t.he sum of the elasticities is .836 (.200+.636) denoting that a 
1 percent increase in feed intake increases hog weight only .836 
percent.16 
In the Cobb-Douglas equation, three tendencies are evident 
and were expected from prcvious nutritional research: 
. 1. The elasticity or coefficient (exponent) for protein declines 
with higher weight intervals. This phenomenon is expected 
since a small pig is more dependent on protein for growth than 
a heavier one. 
2. The elasticity for corn increases between weight intervals; 
It phenomenon also expected since a mature hog needs more 
carbohydrate feeds in fattening. 
3. The sum of the elasticities increases between weight inter-
vals. A suggestion of declining feed productivity is the decline 
in the production function constants between weight intervals. 
15 The term marginal is used in economics with about the same meaning 
as added. to distinguish from the average productivity of all units of feed or 
other resources. \Ve are interested in the added gain from each added pound 
of feed. The term marginal also has the same meaning as has the term 
del"ivativ" in mathematics and denotes rate of change. 
,. Certain limitations exist for production functions or regression equa-
tions with constant elasticities (as is the case of a single Cobb-Douglas 
function although the elasticity is alloweu to change between interval func-
tions). The erossprouuct. square root or ratio equations do not entail con-
stant elasticity. 
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TABLE 1. SUMMARY OF ELASTICITY COEFFICIENTS FROM POOLED DATA 
FOR LOGARITHMIC FUNCTIONS.* 
Item Corn Protein Sum of 
elasticity elasticity elasticities 
l. 34 - 75 lb. 
536 - 554 pooled W. A .. __ ... _ .............................. .533 .297 .830 
53G 
-
554 pooled W. O. A ...... _ ...................... _ ... .529 .287 .816 
536 - 554 - 506 pooled W. A ............................. .530 .303 .833 
536 - 554 - 506 pooled W. O. A ....................... .514 .289 .803 
Average of 4 for 34 - 75Ib ....................... : ............. .523 .204 .821 
2. 75 - 150 lb. 
536 - 554 pooled W. A .. _ ..................................... .767 .142 .909 
536 - 554 pooled W. O. A ................................... .770 .163 .033 
536 - 554 - 506 pooled W. A .. _ ......................... .762 .136 .808 
536 - 554 - 506 pooled W. O. A ....................... .805 .158 .963 
Average of 4 for 75 - 150 lb ................................... .776 .150· .926 
3. 150 - 200 lb. 
536 - 554 pooled W. A .. _ ..................................... .856 .002 .948 
536 - 554 pooled W. O. A ................................... .916 .081 .997 
536 - 554 - 506 pooled W. A .. _ ......................... .849 .110 .959 
536 - 554 - 506 pooled W. O. A .......... _ ........... .907 .090 .997 
Average of 4 for 160 - 200Ib ................................. .882 .093 .075 
*w. A. refers to "with aureomycin" and W. O. A. means "without aureomycin." 
Under the logarithmic fmlCtions for example, with aureomycin 
in the 506-536-554 pooled data (I-D--l-a) the constant 
is 1.607 for 34 pounds, .751 for 75-150 pounds and .442 for 
150-200 pounds'. For the 536-554 pooled data (I-C-l-a) the 
corresponding figures are 1.607, .714 and .439. While the con-
stants are different for the functiOllS without aureomycin, they 
also decline as weight increases. In other words, even if the 
elasticity coefficients were the same for different weight inter-
vals, marginal feed productivity would decline with feed intake 
and total weight because the product of the constant declines. 
The elasticities arc not immediately apparent in the quad-
ratic equations. However, the diminishing marginal productivity 
of feed is denoted by the fact that the sign of the coefficients for 
the squared tcrms (1) is always negative with a small, positive 
coefficient for the crossproduct term (or both coefficients are 
negative) or (2) is always positive with a large, negative cross-
product term. 
Previous nutritional research has indicated that the rate at 
which protein replaces corn decreases as thc weight of the hog 
increases. This condition is, of course, inhercnt in (a) the coeffi-
cients of the logarithmic functions presented above and (b) the 
signs of the coefficients in the quadratic equations for the pooled 
data. That protein and corn substitute for each other at a dimin-
ishing marginal rate, with hog weight at a fixed level, is inherent 
in the derived equations for the same reason; it is obvious in 
the logarithmic equations since a constant value of Y is divided 
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TABLE 2. SUBSTITUTION Co.EFFICIENTS (SOYBEAN MEAL FOR CORN) 
FIWM COBB-DOUGLAS FUNCTIONS. 
Coefficient for Substitution 
Weight Interval* Ratio i~~~ of Protein for Corn 
1. 34 - 75Ih .......................... _ ....................................... _ .. 
536 - 554 pooled W. A .. _ .................................. _ .. _. __ .... .557 
536 - 554 pooled W. O. A ...................... _ .................. _.. .543 
536 - 551 - 506 pooled W. A......................................... .572 
536 .. 554 - 506 pooled W. O. A................................... .562 
Average of four. ____ ...................... _ ................. _............... .557 
2. 75 .. 150 lb. 
536 - 554 pooled W. A .. _ ... _ ..................... _ .............. _..... .185 
536 - 554 pooled W. O. A ....................... _...................... .211 
536 - 554 - SUO pooled W. A .. _ ......................... _._....... .178 
536 - 554 - 506 pooled W. O. A ............................ _..... .197 
Average of four ........ __ ....................................................... .193 
3. 150 .. 225 lb. 
536 .. 554 pooled .W. A..................................................... .108 
53G .. 544 pooled W. O. A............................................... .089 
536 .. 554 .. 506 pooled W. A .. _ .. _ ...................... _ ..... _.. .130 
536 .. 554 .. 50G pooled W. O. A................................... .099 
Average of four ........................... _ .. _................................. .107 
4. Average of 34 .. 75Ib.** 
W. A .. _ .. _ ............ _ .......... _ ......................... _....................... .570 
W. O. A ...... __ ...... _ ................ _ .............. _ ..... _................... .502 
5. Average of 75 - 150Ib.** 
W. A .. _ .......... _ ...................................... _ ...................... _..... .242 
W. O. A ................ _ ......................... _................................. .204 
G. Average of 150 - 225Ib.** 
W. A ......... _ .............. _ ........................................ _ ..... _....... .119 
W. O. A ....................................................................... __ ... .094 
*W. A. = with o.ureomycin; W. O. A. = without aureomycin. 
**Average of (1) 536 .. 554 pooled and (2) 536 -554 - 506 pooled. 
by an increasingly larger quantity of protein (as protein is 
raised to the relevant power). 'rhese same conditions are re-
flected in the coefficients for the "substitution rate" equations. 
These equations show declining coefficients (for the substitution 
of soybean meal for corn) with heavier weight intervals. (See 
the summary of table 2.) The decline in the substitution rate (of 
soybean meal for corn) is greater, of course, with higher weight 
intervals than these eoefficients suggest. 
The reason is this: As the hog grows to heavier weights, a 
greater amount of feed is required to produce a given gain; 
for anyone level of protein feeding more corn is required to 
produce the given gain. Hence the elP ratio, as well as the 
substitution coefficient itself, declines for heavier hogs in the 
eq.uations under III. 
Also, to the extent the differences can be accepted in a prob-
ability sense, the substitution coefficient (replacement of corn 
by protein) is greater when the soybean meal contains aureo-
mycin than when. it does not. From the standpoint of feed 
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economy it is more important that aureomycin be used to in· 
crease the rate at which soybean meal substitutes for corn in 
light relative to heavy weights-a greater proportion of the 
ration is made up of protein for small pigs. For the 34-75 pound 
weight ravge, the substitution coefficient was .068 greater with 
aureomycin; it was .038 greater for the 75-150 pound interval 
and .025 greater for the 150-200 pound interval-as an average 
of the two pooled experiments. 
These same relationships are not as apparent in the quadratic 
functions because of the greater complexity of the substitution 
equations. We need not use the interval functions to specify 
diminishing corn/soybean meal substitution rates with greater 
hog weights undcr the quadratic functions; these conditions are 
present in a single overall function derived over the 34-200 
pound weight range. (The interval functions were derived since 
they add very little to calculations, allow comparisons with the 
Cobb.Douglas interval functions and also provide for greater 
flexibility in changing substitution rates over heavier weights.) 
MARGINAL FEED PRODUCTIVITY 
From the functions shawn under I it is possible to derive 
marginal input-output ratios or marginal productivity coeffi-
cients. By marginal feed productivity we refer to the added 
(marginal) gain in weight for each added (marginal) input 
of feed per hog. Again, it shows the transformation rate of 
feed into gain as hogs are fed to heavier and heavier weights. 
Both types of equations show diminishing marginal productivity 
of feed as the hog becomes hcavier-each additional pound of 
feed adds less to total gain than the previous pound. The coeffi· 
cients or exponents in the logarithmic function show this directly 
since they are the elasticities of pork production and show the 
percentage increase in weight for each 1 percent incrcase in 
total feed per hog.l1 
The equations presented below arc marginal feed produetivity 
equations. They are obtained as derivatives from the produc. 
tion function equations under I and arc shown below for the 
overall quadratie crossproduct and logarithmic functions, both 
with and without aureomycin. The first set of equations show 
the marginal productivity of corn (the amount added to total 
weight for each successive one-pound increase in corn) with 
soybean meal constant at any specified level (i.e., we can set 
soybean meal constant at any desired level and compute the 
11 While the logarithmic function allows diminishing reed prodUctivity. 
It causes the elasticity to be constant over all ranges of feed and weight. 
The quadratic equation allows both (a) diminishing productivity of teed and 
(b) a changing elasticity of production as total feed Input Increases. 
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marginal productivity of corn). The terms dYjdO (etc.) can 
be read to mean ., change in hog weight for each one pound 
change in corn fed.' '18 
We present only a few marginal productivity equations as 
examples; others can be derived from the production function 
equations under I in ,the previous section. Those presented are 
based on the Cobb-Douglas overall functions for 536-554 pool-
ed with and without aureomycin (l-0-1-a and I-0-2-a) 
and for the quadratic crossproduct equation derived from the 
554 overall functions (I-B-1-b and I-B-2-b). While 
it may serve no better than the quadratic square root equation 
(I-E-1-b and I-E-2-b), for limited ranges of obser-
vations it. has some basis in logic. 
IV. Marginal feed productivity (overall functions only for 
536-554 pooled) 
A. With aureomycin 
1. Protein constant: corn productivity 
(a) Cobb-Douglas crossproduct (536-554 pooled 
overall data) 
d Y .871p·200 
dO = 0.364 
(b) Quadratic crossproduct (554 overall data) 
dY dO = .282+.0000920-.00144P 
2. Corn constant: soybean meal productivity 
(a) Cobb-Douglas (536-554 pooled overall data) 
d Y .2740.636 
dP = p.800 
(b) Quadratic crossproduct (554 overall data) 
dY d p = .995-.00173P-.001440 
B. With011t aureomycin 
1. Protein constant: COTIl productivity 
(a) Cobb-Douglas (536-554 pooled overall data) 
d Y .876p·208 
dO = C·384 
(b) Quadratic crossproduct (554 overall data) 
dY d C = .258-.000154C+.000615P 
--.-. We use the derivative symbol, d, In contrast to the A sign ot previous 
sections. to Indicate that the changes are measured from Infinitely small 
changes In corn. 
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2. Corn constant: soybean meal productivity 
(a) Cobb-Douglas (536-554 pooled overall data) 
d Y .2950.616 
dP = p.792 
(b) Quadratic crossproduct (554 overall data) 
dY d P = .692-.00614P+.000615C 
ESTIMATION OF MARGINAL FEED PRODUCTIVITY WITH 
RATIONS IN FIXED PROPOR'TIONS 
In table 3 we present the marginal productivity figures for 
feed transformed into live pork. In these data, the ration has 
been held constant in the sense that corn and soybean meal are 
always fed in the same proportions. These data are derived from 
the marginal product equations for the overall Cobb-Douglas 
function including aureomycin (I-C-1-a) for 536-554 
pooled observations.19 Only data for aureomycin arc shown in 
the text figures since it appears that this antibiotic is economical 
to include in the ration (in the quantities of this study) at 
any prospective price level. Even with no increase in an "aver-
age year, " this small investment is likely good insurance against 
certain diseases. 
The data show that the marginal productivity of feed declines 
as more of it is fed, in a constant-proportion ration. For example, 
the "50th pound" of feed under a 10 percent ration adds .368 
pound to hog weight; at 150 pounds of total feed, "one more 
pound" adds .265 pound to hog weight; at 400 pounds the added 
gain is only .221 while at 800 pounds it is only .196 pound. With 
a ration of 14 percent protein the added or marginal gain per 
added pound of feed is .435, .313, .261 and .232 pound for total 
feeding levels of 50, 150, 400 and 800 pounds respectively. 
The same relationship is also shown in the total gain figures. 
The total weight increases by smaller and smaller increments 
as feed intake per hog is increased. Of particular importance, 
however, is the difference between protein rations in total gain 
for a given feed intake. With a feed input of 400 pounds, total 
gain is 105 pounds under a 10 percent ration but 124 pounds 
under a 14 percent ration and 126 pounds under a 16 percent 
19 The data in the columns under "total gain" In table 3 are the counter-
part of the ration lines such as OL, OK and OM In fig. 3. SInce fig. 3 shows 
dIminishing productivIty of feeds fed in constant proportions. the segments 
on the ration lines (such as those in fig. 3) will become greater and greater 
for equal Increments In gain (I.e., between the poInts of intersection by the 
Isogaln contour lines). 
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TABLE 3. TOTAL GAIN BEYOND WEANING AND MARGINAL GAIN FOR DIFFERENT 
FEED LEVELS PER PIG WITH RATIONS IN FIXED PROPORTIONS; (GAIN OVER 
BEGINNING WEIGHT OF 34 POUNDS) EXPERIMENTS 536 - 554 POOLED 
WITH AUREOMYCIN. 
Total gain 
Marginal or additional gam per lb. 
added feed 
Pound. of 
feed· Percent protein in ration Percent protein In ration 
------------------ ---------10 12 14 16 18 20 10 12 14 16 18 20 
--------------------
--
50 18.41 20.77 21.77 22.12 22.12 21.83 .3682 .4154 .4353 .4425 .4423 
100 32.85 37.06 38.84 39.47 39.46 38.96 .2888 .3258 .3414 .3470 .3469 
150 46.10 52.00 54.49 55.39 55.37 54.66 .2649 .2988 .3131 .3182 .3182 
200 58.62 66.13 69.30 70.43 70.41 69.51 .2504 .2825 .2961 .3009 .3008 
250 70.63 70.68 83.50 84.87 84.84 83.76 .2402 .2710 .2840 .2886 .2886 
300 82.25 92.79 97.23 98.83 98.80 97.54 .2324 .2622 .2748 .2792 .2792 
350 93.55 105.54 110.59 112.41 112.38 110.94 .2261 .2551 .2672 .2716 .2716 
400 104.59 117.99 123.65 125.68 125.64 124.04 .2207 .2490 .2612 .2654 .2652 
450 115.41 130.19 136.43 138.67 138.63 136.86 .2164 .2440 .2556 .2598 .2598 
500 126.03 142.17 148.98 151.43 151.38 149.45 .2124 .2396 .2510 .2552 .2550 
550 136.47 153.95 161.33 163.98 163.93 161.84 .2088 .2356 .2470 .2510 .2510 
600 146.76 165.56 173.49 176.34 176.29 174.04 .2058 .2322 .2432 .2472 .2472 
650 156.91 177 .01 185.49 188.54 188.48 186.08 .2030 .2290 .2400 .2440 .2438 
700 166.93 188.31 197.34 200.58 200.52 197.96 .2004 .2260 .2370 .2400 .2408 
750 176.84 199.48 209.04 212.48 212.41 209.70 .1982 .2234 .2340 .2380 .2378 
800 186.63 210.53 220.62 224.25 224.18 221.32 .1958 .2210 .2316 .2354 .2354 
*Lbs. fed after weaning. 
ration. Total gain for a given feed input under an 18 percent 
ration is practically the same, or slightly lower, than for a 16 
percent ration. The predicted total gain is less for a 20 percent 
ration than for'a 16 percent ration. Since soybean meal costs 
more than corn, it cannot be fed profitably in quantities giving 
18 or 20 percent protein in the ration: For any given total feed 
intake per hog, total gain and value of hog decreases, and total 
cost of feed increases. These problems can be better solved, how-
ever, from the substitution data of later sections. How far the 
ration should be extended between 14 and 16 percent protein 
depends on the substitution and price ratios for the two feeds. 
Graphic representation of the total gain and marginal gain 
figures from table 3 are shown in figs. 12 and 13. These data 
have been derived from the Cobb-Douglas fUnction. All of the 
information presented in the remainder of the text is from 
.4367 
.3425 
.3141 
.2970 
.2849 
.2756 
.2680 
.2620 
.2564 
.2518 
.2478 
.2440 
.2408 
.2376 
.2348 
.2324 
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this function tor experiments 536-554 pooled. Data for input-
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Fig. 12. Total weight beyond weaning In 
relation to feed per hog with corn and soybean 
meal fed in constant ratio to give different per-
centages of protein ration. From Cobb-Douglas 
over::tIl function with aureo for 536-554 pooled 
observa tions. 
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Fig. 13. Added gain per added pound of feed 
after weaning. 
output' quantities are 
from:the, overall Cobb-
Douglas functions; 
those for feed com-
binations are from the 
interval Cobb-Doug-
las functions. Exami-
nation of the sta-
tistics and the logic 
involved led to this 
procedure. The data 
from these functions 
appear to fit the ob-
servations as well or 
better than quantities 
derived from other 
functions. 
MARGINAL GAINS 
WITH ONE FEED 
CONSTANT 
From the produc-
tion function equa-
tions it also is pos-
sible to predict the 
productivity of corn 
with soybean meal 
held constant at dif-
ferent levels. These 
figures, presented in 
table 4 with aureo-
m y c i n, again illus-
trate the manner in 
which gains fro m 
corn are· increased or 
decreased b y the 
amount 0 f protein 
fed. In table 4, pro-
tein per pig is "held 
constant" at three 
levels and corn is in-
creased to give the 
total gains shown. 
These figures are in-
cluded to illustrate 
the second major re-
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TABLE 4. CORN PRODUCTIVITY WITH PROTEIN FIXED AT THREE LEVELS. TOTAL 
GAIN BEYOND WEANING FOR SPECIFIED LEVELS OF CORN FEEDING. 
, ' 
Total 
corn 
input* (lb.) 
50 
100 
150 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700 
LOGARITHMIC OVERATJL FUNCTION WITH AUREOMYCIN, 
EXPERIMENTS. 536 - 554 POOLED. 
Gain with 50 lbB. protein** Gain with 100 lb •. protein** I Gain with 150 lbs. protein** 
Total Marginal gain Total Marginal gain Total Mllrginal gain 
gain per lb. feed gain per lb. food gain per lb. feed 
(lb.) (lb.) (lb.) (lb.) (lb.) (lb.) 
35.9 .457 41.3 .525 44.8 .567 
55.8 .355 64.1 .408 69.5 - .442 
72.3 .306 83.0 .352 90.0 .381 
86.8 .270 99.6 .317 108.1 .343 
100.1 .255 115.0 .292 124.7 .317 
112.3 .238 128.9 .273 139.8 .296 
123.8 .226 142.2 .258 154.2 .280 
134.8 .214 154.8 .246 167.9 .267 
145.3 .205 167.2 .236 180.9 .256 
155.3 .197 178.4 .227 193.5 .246 
165.0 .191 189.5 .219 205.5 .238 
174.4 .185 200.3 .212 217.2 .230 
183.5 .179 210.8 .206 228.6 .224 
192.4 .175 220.9 .201 239.6 .218 
*Amount corn fed beyond weaning weight. 
**Gain beyond weaning weight. 
lationship in livestock nutrition.20 They do not necessarily illus-
trate how the farmer does or should feed his hogs. They can 
be considered in terms of the stated quantities of protein fed 
over the total feeding period of the pig and show how the pro-
ductivity of corn changes as more of it fed relative to a fixed 
amount of soybean meal. (Alternative computations are shown 
in the appendix.) 
Data in tables 3 and 4 can be used to calculate added cost 
and added gain as the pig is fed to heavier weights. However, 
these steps will be saved for a later section. Figures 14 and 15 
are the counterpart of the data in table 4. 
2. The total gain figures are the counterparts of lines ql or ml in fig. 3. 
The marginal gains suggest how the segments on these lines (between the 
points where they nre intersected by the contour lines) increase as feed 
input anil gain per hog increase; the fact that the marginal quantities of 
table 4 decrease indicates that the segments (on Hnes such as ql and ml) 
increase on a contour map. 
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FEED PRODUCTIVITY IN RELATION TO AUREOMYClN 
Aureomycin's effect in increasing the feed productivity for 
hogs is illustrated in the gain/feed ratio and data of table 4A 
and fig. A-4. I:f the data in table 4A and table 3 arc compared, 
it can be seen that a given amount and combination of feed 
results in greater hog weight when this antibiotic is included 
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in the ration; the 
marginal gain for 
anyone feed level 
is also greater. 
The total and mar-
ginal gain figures in 
table 4A and fig. A-4 
are based on an over-
a 11 function (log-
arithmic). However, 
if gain/feed quanti-
ties are computed for 
each of the three in-
terval functions, the 
relatively smaller ad-
vantage 0 f aureo-
mycin in the ration 
of heavier hogs is 
shown more clearly. 
This fact is apparent 
in the pooled interval 
functions (1-0-1-
a and I-C-2-a 
or I-D-1-a and 
I-D-2-a) si n c e 
the elasticity coeffi-
cients and the con-
stants together give 
a uniformly greater 
advantage in fe e d 
productivity in the 
lower weight range. 
Since the cost of 
aureomycin is so low 
relative to gain (it 
o amounted to about O~-~I~OO~~2~O~O-~'O~O-~40~'O~~5~OO~-6~OO 
POUNDS CORN PER PIG 60 cents per 1000 
Pig. 15. Added (marginal) gain per added pounds of feed at 
pound of feed in relation to total corn Input per 1952 prices), all sub-
pig. sequent analyses are 
made with the antibiotic included in the ration. 
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TABLE 4A. TOTAL AND MARGINAL GAIN, BEYOND WEANING, FOR DIFFERENT 
FEED LEVELS WITHOUT AUREOMYCIN. (PREDICTED FROM 
OVERALL FUNCTION 1- C - 2 - a.) 
Total feed Total gain, for protein percent of: (lb8.) Marginal gain for protein percent of: (lb •. ) (lb •. ) ---------------------- -.--
10 12 14 16 18 20 10 12 14 16 18 20 
----------------------
100 31.5 35.8 37.7 38.5 38.6 38.2 .2143 .3118 .3284 .3350 .3361 
200 55.8 63.7 66.8 68.1 68.3 67.7 .2354 .2731 .2818 .2875 .2884 
300 77.9 88.5 93.2 95.1 95.4 fJ4.5 .2173 .2470 .2601 .2653 .2662 
400 98.7 112.2 118.2 120.6 120.fJ 119.8 .2056 .2338 .2462 .2512 .2518 
1100 118.6 134.9 142.0 144.9 145.3 143.9 .1928 .2242 .2360 .2410 .2414 
600 137.8 156.7 165.0 1(j8.4 168.9 167.3 .1906 .2166 .2282 .2330 .233(; 
I~; 
700 156.5 177.9 187.4 191.2 191.8 189.9 .1852 .2108 .2218 .2264 .2270 
Ili- I 
800 174.7 198.(; 209.1 213.4 214.0 212.0 .1808 .2056 .2164 .2208 .2216 
CORN AND PROTEIN SUBS'l'l TUTION RATES 
We now turn to the third and most important relationship 
in livestock nutrition. It is the feed substitution relationship 
showing (1) the different combinations of corn and soybean oil-
meal (fortified with vitamin Ba , aureomycin and trace ele-
ments) which can be used to produce a given amount of pork 
anc:i (2) the rates at which soybean oilmeal (fortified as before) 
sub.stitutes for corn.21 From the contour equations for the 34-75, 
75-100 and 150-200 pound weight intervals using the 536-554 
pooled Oobb-Douglas function for aureomycin (ll-C-l-a) 
and the corresponding substitution equations (Ill-C-l-a) , 
the data of table 5 have been derived. (Alternative quantities 
for other functions are shown in the appendix.) 
TIle first two columns under each weight show the various 
combinations of soybean oilmeal and corn which will produce 
100 pounds of pork.22 They may be looked upon as providing 
the substitution possibilities over thc three weight ranges. More 
specifically they are calculated as the substitution possibilities 
within the ranges, but at exactly 60, 110 and 175 pounds. The 
21 This relationship provides the counterpart of the product contour 
curves illustrated as de, fg and hi in fig. 3; the feed combinations define the 
CUr\·C and the substitution rates specify its slope. A fourth relationship, the 
substitution limit lines-illustrated as 1:1L and ML in fig. ll-have not been 
specifically derived. in this study although they are implied in the changing 
substitution rates. 
22 The feed quantities were first derived for the gains necessary to take 
a pig from the beginning of the specific interval to the weight indicated. 
Next, these were transformed to the equivalent of a 100 pound gain since 
this is the manner in which many persons consider rations. The equations 
listed under Il-C-l-a were used in these deriVations. 
.3328 
.285(; 
.2636 
.244(; 
.2394 
.2314 
.224 
.219 
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TABLE 5. FEED COMBINATIONS TO PRODUCE 100 LBS. OF GAIN AND FEED REPLACEMENT RATES WITH AUREOMYCIN FOR 
HOGS OF 60 LllS., 110 LBS. AND 175 LBS.* 
60 lb. pigs 110 lb. pigs 175 lb. pigs 
Marginal sub- Marginal Bub- Marginal Bub-
Feed to produce stitution rate of Feed quantities stit·ution rate of Feed quantities stitution rate of 
100 Ibs. gain soybean meal for Protein to produco 100 soybean meal for Protein to produce 100 soybean meal for Protein 
dC in total Ibs. gain dC in total lb •. gain de in total 
------ corn dP ; ration ------ corn dP ; ration -------- corn dP ; ration 
Lb •. Lbs. (porcent) Lb •. Lbs. (percent) Lbs. I,h •. (percent) 
SBO;;! Corn lb •. corn replaced SBOM Corn lb •. corn replaced SBOM Corn lbs. corn replaced 
by lIb. SBOl\I by lib. SBOM hy lib. SEOM 
---
10 421.7 23.51 9.1 10 356.8 6.61 9.3 10 387.0 4.17 9.2 
15 336.5 12.50 9.8 15 336.3 4.11i 9.8 15 370.5 2.66 9.7 
20 286.7 7.99 10.6 20 319.0 2.95 10.4 20 359.3 1.94 10.2 
25 253.1 5.64 11.5 2,5 306.0 2.27 11.0 25 350.7 1.51 10.7 
30 228.7 4.25 12.4 30 295.0 1.83 11. 6 30 342.0 1.24 11.2 
35 209.8 3.34 13.4 35 297.5 1.52 12.2 35 338.2 1.04 11.6 
40 194.8 2.71 14.4 40 280.6 1.30 12.7 40 333.3 .90 12.1 
45 182.4 2.26 15.3 45 274.6 1.13 13.3 45 329.1 .79 12.6 
50 172.0 1.92 16.3 50 269.2 1.00 13.9 50 325.4 .62 13.0 
55 163.1 1.65 17.3 55 264.4 .89 14.4 55 322.2 .59 13.5 
60 155.4 1.44 18.2 60 260.2 .80 15.0 60 319.0 .57 13.9 
65 148.6 1.27 18.5 65 256.4 .73 15.5 65 316.4 .52 14.4 
70 142.6 1.14 20.0 70 252.9 .67 16.0 
75 137.2 1.02 20.9 
---------------------------- ---- ----- --- ----- - -
*Derived from interval logarithmic equations from pooled experiments 554 - 536 (II - C - 1 - a). 
to 
:l: 
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marginal substitution rates from the logarithmic equation are 
the same within each interval regardless of the specific weight. 
(The feed combinations do, however, change with the weight 
of the pig.) While feed quantities eould be estimated from the 
functions for any number of weight levels, three are likely suf-
fieient for farmers' decisions on rations. 
DIMINISHING SUBSTITUTION RATES 
The figures again show that the amount of corn r.equired to 
produce 100 pounds of gain decreases as more protein is fed 
and vice versa. In other words, they show the many possible 
combinations of feed which will produce a given amount of 
pork for pigs of three different weights. 
The marginal substitution ,rates show the amount of corn 
replaced by 1 pound of soybean oilmeal. at each of the combi-
nations shown in the first two columns.23 These substitution 
rates are of a diminishing marginal nature; each added pound 
of protein substitutes for less corn than the previous pound in 
producing a given amount of gain. For 60 pound pigs (pigs in 
the 34-75 pound range) 1 pound of soybean oilmeal substitutes 
for 12.5 pounds of corn when the ration includes 15 pounds 
of soybean oilmeal and 337 pounds of corn; it substitutes for 
only 4.3 pounds of corn when the feed combination is 30 pounds 
of soybean oil meal and 229 of corn; with 75 pounds of soybean 
oilmeal and 137 pounds of corn, one pound of protein replaces 
only a pound of corn. 
Diminishing substitutiQn rates also hold true for weights of 
110 and 175 pounds. The decline is more rapid with greater 
weights. Thus the rate of replacement of corn by protein de-
clines as the growing stage merges into the fattening stage. 
In table 5, with 30 pounds of soybean oilmcal in the ration, ' 
1 pound of soybean oilmeal for a 60 pound pig replaces 4.3 
pounds of corn; it replaces only 1.8 pounds of corn for a 110 
pound pig and 1.2 pounds for a 175 pound pig. 
These differences in substitution rates are also reflected in 
the pork isoquants shown in fig. 16. These curves, drawn from 
the data in table 5, show that, for a given gain, as the rate at 
which soybean oilmeal substitutes for corn increases, the slope 
of the isoproduct curve also increases, and vice versa24 (i.e., 
the slope of the curve declines as more protein and less corn is 
' •• They are derivatives and show the substitution rate at (or tor each 
small change away from) these feed combinations: they are not averages 
for teed replacement rates between the feed combinations . 
•• The curves in fig. 16 differ from the Isoproduct contours often pre-
sented In economics In this sense: The 175 pound gain contour, for example, 
shows total feed only for producing 100 pounds of pork at this weight, start-
Ing from the beginning of the \velght Interval (150 pounds) : It Is not "addi-
tive" with the other contours since each refers to a function for a specific 
weight Interval. Since the contours are shown for approximately the mld-
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Fig. 16. Pork isoquants showing the combination of corn and soybean 
meal which will produce 100 pounds of gain for pigs of 60, 110 and 176 
pounds. Derived from interval equations II-O-l-a. (The lot observations 
are used only to suggest the nature of the fit for average gain data over 
each interval. The functions were not fitted to these single lot observations 
but to many more observations scattered over each specific Interval.) 
fed to get a given gain). The slopes of the curves also decline 
as the pig becomes heavier. This indicates that the rate at which 
soybean oilmenl substitutes for corn decreases as the pig in-
creases in weight. 
Footnote .,- (cant. ) , 
points of the ranges, the feeds used by each lot of hogs are also shown to 
give a visual notion of the variance Involved and the "goodness of fit" for 
the estimated contour lines. The observations shown include the average 
quantities of feeds used for all hogs in a lot. The comparison of the contours 
and observations underestimates the "goodness of fit" because (1) the con-
tour is estimated for only the midpoint of the range while the lot observations 
are averages of the range and diminishing returns hold true and (2) the 
production functions are not· fitted to these average lot observations but to 
a large number of observations over each range. 
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MINIMUM COSTS OF CORN AND SOYBEAN OILMEAL RATIONS 
FOR GIVEN GAINS 
The substitution data from table 5 provide the necessary 
information for specifying the ration which will give the lowest 
cost for any given gain. Since the substitution or replacement 
rates are of a declining rather than a constant nature, a dif-
ferent ration is required with each change in the corn and soy-
bean meal price ratio to give the least cost gains. 
Previously, it was indicated that feed costs for a given gain 
are lowest when the substitution ratio equals the price ratio. 
Hence with a soybean oilmeal price of 4.52 cents per- pound 
and a corn price of 2.0 cents, a price ratio of 4.52/2.0 or 2.26, 
specifies that a combination of 45 pounds of soybean meal and 
182 pounds of corn gives the lowest feed cost for 60 pound 
pigs; the marginal rate of substitution in table 5 is also 2.26 
for this feed combination. With a soybean meal price of 3.34 
cents per pound and a corn price of 1.0 cent, the price ratio of 
3.34/1.0 or 3.34 specifies that 35 pounds of soybean oilmeal and 
210 pounds of corn gives the lowest feed cost for pigs of this 
weight. At this point the marginal rate of substitution of _ soy-
bean oilmeal for corn is also 3.34. 
Table 6 has been provided to. simplify computation of the 
combination which will give the lowest feed cost for a given 
gain. In effeet, it specifies the feed combination at which the 
marginal rate of substitution equals the price ratio being 
examined. One need only divide the soybean oilmeal price or 
cost per pound (including vitamins, antibioties and other in-
gredients) by the price of corn per pound. This ratio (or the 
ratio nearest to it) can be located in the first column of table 6. 
Then the least-cost ration can be found along the same line, 
under the appropriate weight. Suppose that soybean oilmeal 
costs 4.4 cents per pound and corn is 2 cents per pound. Since 
the ratio is 2.2, a ration with 45.8 pounds of soybean oilmeal 
and 180.7 pounds of eorn or 15.5 pereent protein will give the 
lowest feed cost for 60 pound pigs; an 11.1 percent protein 
ration-for this same price ratio-will give lowest feed costs 
for 110 pound pigs and a 10.0 percent protein ration will give 
lowest costs for 175 pound pigs. (Actually, the rations can be 
applied throughout the weight ranges.) 
From 1936-52, Iowa prices averaged $1.74 and $3.40 per 100 
pounds of corn and soybean meal respectively. Under this aver-
age yearly price ratio of 1.96 the rations which give lowest feed 
costs for 60, 110 and 175 pound hogs have 16.0, 11.3 and 10.1 
percent protein resp{'ctively. If a single ration were f~d from 
wp.ll.ning to marketing weight (34-225 pounds) under this price 
ratio, one having 14 percent protein would give lowest feed 
TABLE 6. LEAST-COST RATION AND FEED QUANTITIES FOR STATED PRICE RATIOS; BASED ON LOGARITHMIC INTERVAL 
FUNCTIONS (536 - 554 POOLED WITH AUREOMYCIN). 
Price ratio: 60 pound pig (34 - 75 lb.) llO pound pig (75 - 150 lb.) 175 pound pig (150 - 200 lb.) 
Price/lb. SBOM Lbs. feed pcr 100 lb •. gain Lb •. feed per 100 lbs. gain Lb •. feed per 100 lb •. gain 
Price/lb. corn 
Corn SBOM % Protein* Corn SBOM % Protein* Corn SBOM % Protein* 
1.0 136.3 75.9 21.0 269.3 49.9 13.9 336.9 36.3 11.8 
1.1 141.0 71.4 20.3 273.3 46.0 13.4 340.1 33.3 U.5 
1.2 145.5 67.5 19.6 277.1 42.8 13.1 342.9 30.8 11.2 
1.3 149.7 64.2 19.0 280.5 40.0 12.7 345.6 28.6 11.0 
1.4 153.7 61.2 18.4 283.9 37.6 12.5 348.1 26.8 10.8 
1.5 157.5 58.5 17.9 296.9 35.4 12.2 350.5 25.2 10.7 
1.6 161.3 56.2 17.5 289.9 33.6 12.0 352.7 23.7 10.6 
1.7 164.8 54.0 17.1 292.6 31.9 ll.8 354.7 22.5 10.4 
1.8 168.1 52.0 16.7 295.1 30.4 11.6 356.7 21.3 10.3 
1.9 171.4 50.3 16.4 297.7 29.0 U.S 358.6 20.3 10.2 
2.0 174.7 48.7 16.0 . 300.1 27.8 U.3 360.4 19.4 10.1 
2.1 177.7 47.2 15.8 302.4 26.7 11.2 362.1 19.6 10.0 
2.2 180.7 45.8 15.5 304.6 25.7 11.1 363.7 17.8 10.0 
2.3 183.6 44.5 15.2 306.8 24.7 11.0 365.3 17.1 9.9 
2.4 186.4 43.3 15.0 308.8 23.8 10.9 366.8 16.5 9.8 
2.5 189.2 42.2 14.8 310.8 23.0 10.8 368.3 15.9 9.8 
2.6 191.9 41.1 14.6 312.7 22.3 10.7 369.7 15.3 9.7 
2.7 194.4 40.1 14.4 314.6 21.6 10.6 371.1 14.8 9.7 
2.8 197.0 39.2 14.2 316.3 20.9 10.5 372.3 14.3 . 9.6 
2.9 199.5 38.3 14.0 318.1 20.3 10.4 373.7 13.9 9.6 
3.0 201.9 37.5 13.9 319.8 19.7 10.4 374.9 13.5 9.5 
3.1 204.3 36.7 13.7 321.4 19.2 10.3 376.1 13.1 9.5 
3.2 206.6 36.0 13.6 323.0 18.7 10.3 377.3 12.7 9.5 
3.5 213.4 34.0 13.2 327.5 17.3 10.1 380.6 11.7 9.4 
4.0 223.8 31.2 12.7 334.5 15.5 10.0 385.5 10.4 9.3 
*.lTo determine percent protein in thl} total rati(>ll, soybean oilmeal of 45 percent protein and corn of 8.4 percent protein have been used. 
co 
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costs per 100 pounds of gain. The price ratio fluctuates between 
years, of course. In the past 15 years the soybean meal/corn 
price ratio has been as high as 2.8 and as low as 1.3. 
TIME OF GAINS 
Minimum feed cost, while an important consideration in 
maximizing pork profits, is only one facet of the economic 
problem. Also to be considered are labor and other capital costs. 
However, as has been pointed out elsewhere, feed represents 
such a major portion of total pork production costs that any 
reduction in feed costs usually lowers total expenses. An addi-
tional part of the feeding problem is that of time. It is known 
that gain comes slowly for small pigs which receive only small 
amounts or no supplemental protein. Because of low daily gains, 
the production period is extended accordingly and the selling 
price may be increased or decreased from different rations de-
pending on whether faster gains put the pigs on the market 
in a higher or lower price period. 
In oHier words, the farmer must consider the price to be 
received for his hogs as well as the feed cost per pound of gain 
in deciding which :r;.ation is most profitable. If a higher percent-
age of protein in the ration increases cost per 100 pounds of 
gain but allows an even greater increase in the price received 
for pork, thc most profitable ration will not be the one which 
gives the minimum feed cost. 
TIME F'UNCTIONS AND DAILY GAINS 
Since time and rates of gain are necessary-along with sub-
stitution rates and feed costs--:-to specify the most profitable 
ration, the time fUnctions shown below have been derived (ex-
periment 554, 1952). 
V. Total time functions (overall observations) 
A. '1' = 6.958+.038Pt+.291C+ .00197 p2_ .000093C2 
-.001073PC 
B. ']' = 3.969+ .083Pt + .246C + .000078p2* - .000123C2 
+.735C/P 
O. T= -9.837+.690P+.1670-.432YP+4.264YO 
-.590YPC 
In these equations, total time (T) to consume a specified quan-
tity of feed is considered a function of the amount of corn and 
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protein fcd. 25 Total time rather than daily rate of gain has 
been predicted since we are interested in estimating the time 
required to reach marketing weights under different rations. 
With knowledge of the weights attained from different rations 
and amounts of feeds, information on the total time required 
to attain these weights and consume the corresponding amount 
of feed makes possible the determination of the effect of dif-
ferent rations in putting hog marketings into periods of high 
or low prices. (An equation for predicting the change in the 
daily rate of gain in relation to the amount of protein fed is 
included in footnote 26.) 
After examining the regression coefficients and their standard 
errors and after plotting the functions against the observations, 
it was decided that the square root function (V-C) fits the data 
best. This function allows prediction of the amount of time 
associatcd with consumption of different quantities of feed under 
the various corn-protein rations. The figures in table 7 indicate 
that time is decreased in the ration up to slightly beyond 16 
percen t protein; further increases in protein lengthen the time 
period because a smaller proportion of carbohydrates is avail-
able for the fattening stage of the production process. 
Using the total gain function from a previous section (I-C-
1-a) and the time function from above, the figures of table 8 
can be computed. These show the average daily rate of gain 
for 50-pound feed intervals.26 These figures show greater daily 
•• In the equations the coefficients indicated by * are not significant at 
the 20 percent level of probability: those without asterisks are significant at 
the 5 or 1 percent probability levels. The coefficients of determination for 
the three equations are .971, .966 and .973 respectively . 
•• These are averages computed from the following equation where D 
refers to daily rate of gain in pounds. 
1.369P.2000·630 
D= . 
- 9.837 + .690P+.167C- .432 V P+ 4.264 V 0- .590 V PO 
Using these two overall functions, the total gains In table 3 divided by the 
total time in table 7 gives the dally gain rates In table 8. Where gains over 
different intervals are being analyzed, the production funetion for the par·' 
ticular interval, rather than for the overall function, Is divided by the time 
function. Total time as a function of feeds fed, rather than daily rate of 
gain, was predicted in the equations under IV in the text since our main 
interest is in predicting the time to reach market weights under different 
rations.· From the dally gain equation it is possible to specify the change 
in the dally gain (the marginal dally gain) associated with change in. the 
amount of protein fed-with total corn and total protein inputs at speCified 
levels. The equation Is shown below where the derivitlve speCifies. the change 
In the daily gain for each 1 pound change in the amount of protem fed: 
dD 
dP= 
1.3690.636 (.03340-1.967 + .8530.5) p-.8 + .138P-. 7 + .13P-.8 + .177 0·5p-.3 - .69p.2 
(.69P+ .167 0- .432 V P+ 4.264 V () .59 V PO .9837) 2 
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TABLE 7. TOTAL TIME TO CONSUME VARIOUS QUANTITIES OF FEED FOR 
RATIONS OF 10, 12, 14, 16, 18, 20 PERCENT PROTEIN. (EXPERI-
MENT 554 WITH AUREOMYCIN AND EQUATION V-
C WITH SQUARE ROOT TERMS.) 
: 
Pounds of feed* 
Total days (to feed out different quantities of feed) 
. with protein levels of :** 
10% 12% 
50 22.4 19.3 
100 36.8 32.6 
150 49.0 43.2 
200 59.9 52.5 
250 69.8 60.9 
300 79.1 68.7 
350 87.9 76.1 
400 96.4 83.0 
450 104.5 89.7 
500 112.3 96.1 
550 120.0 102.3 
600 127.4 108.3 
650 134.6 114.2 
700 141.8 119.9 
750 148.7 125.5 
800 155.6 130.9 
*Pounds of feed fed beyond weaning. 
**Days beyond weaning. 
14% 16% 18% 
17.9 16.9 16.2 
30.3 29.0 28.3 
40.3 38.7 38.2 
48.9 47.2 46.8 
56.7 54.9 54.7 
63.9 62.0 62.1 
70.7 68.7 69.0 
77.1 75.0 75.6 
83.3 81.1 82.0 
89.1 86.9 88.1 
94.8 92.6 94.1 
100.3 98.1 99.8 
105.7 103.4 105.5 
110.9 108.6 111.0 
116.0 113.7 116.4 
120.9 118.6 121.7 
20% 
15.8 
28.2 
38.4 
47.5 
55.8 
63.7 
71.1 
78.2 
85.1 
91.8 
98.3 
104.7 
110.9 
117.0 
122.9 
128.8 
rates of gain for small pigs with rations containing as much as 
18 percent protein. For pigs weighing 85 pounds (see table 3), 
the higher protein percentage lowers the average daily rate of 
gain j a 16 percent protein ration gives a greater average daily 
rate of gain beyond this weight. In other words, pigs receiving 
18 percent protein are predicted to have the greatest daily rate 
of gain at the outset but eventually those with a 16 percent 
TABLE 8. AVERAGE DAILY RATES OF GAIN AT VARIOUS TOTAL LEVELS:.OF 
FEED INTAKE FOR DIFFERENT PROTEIN RATIONS* 
(WITH AUREOMYCIN) 
Pound. of feed 
Av;erago daily gain up to time of feed level shown for protein levels of: 
10% 12% 14% 16% 18% 20% 
, 
100 .894 1.137 1.281 1.362 1.392 1.382 
150 .940 1.203 1.357 1.431 1.450 1.424 
200 .979 1.259 1.417 1.493 . 1.504 1.465 
250 1.012 1.308 1.473 1.547 1.551 1.501 
300 1.040 1.350 1.521 1.595 " 1.592 1.532 
350 1.064 1.387 1.564 1.637 1.629 1.560 
400 1.085 1.421 1.003 1.675 1.661 1.585 
450 1.105 1.451 1.639 1.710 '1.691 1.608 
500 1.122 1.479 1.671 1.742 • 1.718 1.628 
550 1.138 1.505 1.701 1.771 1.743 1.646 
600 1.152 1.528 1.729 1.798 1.766 1.663 
650 1.165 1.550 1.755 1.824 11.787 1.678 
700 1.178 1.571 1.780 1.847 : 1.807 1.693 
*Daily gains are averages from weaning to the time necessary to consume the feed shown. 
They are not daily rate. of gain at exactly the feed levels indicated. 
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TABLE 9. AVERAGE DAILY GAIN WITHIN FEED INTERVALS FOR DlFFEU-
ENT PERCENTAGES OF PROTEIN (WITH AUREOMYCIN). 
Total feed' Daily gain computed as an average between 50 pound feed 
consumed increment. with protein levels of: 
(lb.) 
10% 12% 14% 
100 1.003 1.229 1.371 
150 1.080 1.404 1.575 
200 1.154 . 1.522 1.713 
250 1.208 1.610 1.818 
300 1.249 1.678 1.902 
350 1.282 1.740 1.972 
400 1.309 1.787 2.034 
450 1.333 1.830 2.084 
500 1.353 1.868 2.131 
550 1.369 1.900 2.173 
600 1.385 1'.931 2.209 
650 1.398 1.958 2.244 
700 1.409 1.981 2.275 
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Fig. 17. Relationship of protein level to daily 
rate of gain at different feed levels with an 
initial pig weight of 34 pounds. Gain beyond 
weaning. 
16% 18% 20% 
1.432 1.431 1.383 
1.638 1.618 1.540 
1.775 1.740 1.637 
1.879 1.829 1.706 
1.962 1.899 1.758 
2.030 1.950 1. 799 
2.089 2.003 1.834 
2.138 2.044 1.861 
2.183 2.079 1.885 
2.222 2.111 1.906 
2.258 2.138 1.923 
2.291 2.162 1.939 
2.311 2.185 1.951 
ration are' expeeted 
to catch up-ending 
the production period 
with a higher average 
daily rate of gain.27 
Table 9 shows the 
predieted daily rates 
of gain between 50-
pound feed intervals. 
In contrast to table 
8 which showed the 
cumulative average, 
these data show the 
average gain rat e 
only within each feed 
interval. In this form, 
daily gain rates for 
It 16 percent ration 
surpass those of an 
18 percent ration ex-
cept for the first 100 
pounds of feed. Those 
for a 14 percent pro-
tein ration are only 
27 An earUCl· experiment at Iowa State College (Catron. D. V. et al. 
He·evaluation of protein requirements. Animal Science Vol. II. No.2, 1952, 
pp. 221-232) even showed that pigs on a 12 percent protein ration, while 
lagging behind those with higher protein rations at the outset, eventually 
increased their dally gain to a point where it surpassed the rate fOI· pigs 
l·eceiving more protein. Pigs receiving 14 percent protein reach ell a weight 
of 200 pounds as quickly as those getting 16 percent protein. 
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TABLE 10. TOTAl, DAYS TO ATTAIN SPECIFIED GAINS 
(WITH AUREOMYCIN). 
Days required beyond weaning to take pigs between weights of: 
Percent 
protein 34 - 2251b8. 34 - 75 lbs. 75 - 1501ba. 150 - 225 Ibs. (101 lb. gain) (H lb. gain) (75 lb. gain) (75 lb. gain) 
10 151 51 53 46 
11 127 41 46 40 
12 120 38 44 38 
13 113 34 42 36 
14 111 33 42 36 
15 108 31 42 36 
16 108 30 42 36 
17 110 2U 43 38 
18 112 28 44 40 
10 118 28 47 44 
20 122 28 48 46 
slightly below those for a 16 percent ration as feed intake and 
hog weights reach higher levels. (Sec fig. 17.) 
Of marc direct importance to thc farmer is the total time 
required to add different amounts of gain all hogs of specified 
weights. These figures are presented in table 10 and are rounded 
to the nearest day, since the farmer does not refine his feeding 
and markcting decisions to fractions of days. For 34-75 pound 
pigs a gain from the beginning to the end of the weight interval 
is attained with minimum time when the ration reaches 18 per-
cent protein; over the ~veight intcrval 75-150 pounds, minimum 
time is attained when the ration reaches ] 3 percent protein; 
the corresponding fignre is 13 percent for the weight interval 
150-225 pounds. POl' a single ration ave l' the entire weight inter-
val, minimum timc is reached with a 15 percent ration.28 
RETURNS CONSIDERING F'EED COSTS AND TIME 
OF MARKETING 
lUaximum uaily gain or minimum time to attain a given 
marketing weight is not a su fficient criterion for the most profit-
able hog ration . .A shorter production period which throws mar-
ketings ill to a highcr price pcriod will lower profits if it in-
creases the cost of feed more than thc increased profit from a 
," "'hile other rations give time as low as some of those mentioned, 
interest generally is in the lowest protein ration which gets hogs to market 
in the shorteRt timc period. 'I'he nU1llber of days for a specified gain are 
roumlc,l in table 10, to the nearest day. The following rations give a shorter 
time perio,l than any other ration: 
3·1 - 75 Ibs. 27.8 days 
75-150Ibs. 41.4 <lays 
150-225Ibs. 35.·1 <lays 
20.3% protein 
14.8 % I)rotein 
1-1.·1 % protein 
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higher selling price.29 On the other hand, a quicker gain will 
lower profits if (1) it increases costs by .more than price or 
(2) it moves hog marketings back into a period of lower prices 
while leaving costs unchanged (or higher). 
Since seasonal prices are affected by movements in the gen-
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eral price level, the 
farmer should use 
price outlook mater-
ial and balance the 
economy of timeliness 
against the cost of the 
rat ion. If national 
economic outlook sug-
gests a b rea k in 
prices, he may want 
to feed more protein 
and rush his pigs to 
market before the 
price decline, even if 
Fig. 18. Iowa seasonal price pattern for good feed costs per 100 
to choice butcher hogs. pounds of gain are 
increased. If contin-
ued inflation and rising prices are in prospect, he will wish to 
hold down daily rate of gain, particularly if a lower protein 
content ration results in lower feed costs. 
Using the average prices for pork, corn and soybean oilmeal 
over the period 1937-52 and without considering expectations 
of falling or increasing prices due to national inflation or de-
flation, the data of table 11 have been computed to show the 
relationship of prices received, time of gain and feed cost to 
net retUln per hog. These data are for fall pigs weaned on 
November 1 and November 15.30 
The following figures result for a farmer who makes his de-
cision for future marketings and the most profitable ration on 
the basis of corn and protein prices at weaning time: The aver-
20 Maximum dally gains (minimum time for a specified total gain) would 
·always be consistent with higher profits, to the extent that they throw 
marketings into a period of higher prices (or prices no lower than those 
otherwise rcceived), if the ration which gives the greatest dally rate of gain 
was also always the least cost ration. It Is not, however; while a 15 percent 
ration gives the shortest time period for a gain over the 150-225 pound Inter-
val, the data of table G show that for the average SBO::lI/corn price ratio 
of the past 16 years (1.96), a 10.5 percent protein ration would give the 
lowest feed cost per 100 pounds of gain. 
30 These dates were selected since more fall pigs are farrowed in Sep-
tember than any other month. The data below give the 1948-51 average 
percentage of fall pigs farrowed in the months specified. 
June 20% Sept. 35% 
July 8 % Oct. 14 % 
Aug. 20% Nov. 3% 
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TABLE 11. DAYS TO ATTAIN MARKET WEIGHT OF 225 POUNDS, PRICE PER CWT. 
AND COSTS AND RETURNS FROM DIFFERENT PROTEIN RATIONS. BASED 
ON 1937-52 AVERAGE PRICES FOR PORK AT MARKETING DATE 
AND FEED AT WEANING DATES. 
(WITH AUREOMYCIN.) 
Days to gain Not income 
Percent Lb •. feed to 1011bs. over Average Gross Feed over feed 
protein gain 191 Ibs. * 34 - 225 lb. Marketing pflce income cost costs per 
in ration 
Corn I Protein weight date cwt. per hog per hog'" hog after interval* weaning* 
Pigs weaned Nov. 1 
10 705 34 150 l\Iar.31 14.53 32.68 13.44 19.24 
12 610 70 120 Mar. 1 14.57 32.79 12.99 19.80 
14 561 107 110 Feb. 19 "14.52 32.67 13.39 19.28 
16 529 146 108 Feb. 17 14.37 32.33 14.16 18.17 
18 504 189 112 Feb. 21 14.50 32.63 15.18 17.45 
20 483 237 122 Mar. 3 14.71 33.11 10.46 16.65 
Pigs weaned Nov. 15 
10 705 34 150 Apr. 14 14.26 32.08 13.44 18.64 
12 610 70 120 Mar. 15 14.61 32.86 12.99 19.87 
14 561 107 110 Mllr. 5 14.74 33.17 13.39 19.78 
16 529 146 108 Mar. 3 14.71 33.11 14.16 18.95 
18 504 189 112 Mar. 7 14.73 33.15 15.18 19.97 
20 483 237 122 Mar. 17 14.61 32.86 16.46 16.40 
*These dllta are based on a single low-cost ration over the entire weight range while table 13 includes 
data for least-cost rations in each weight range. (Data are from overall Cobb-Douglas function, 536 -
554 pooled.) 
age SEOM/corn price ratio on November 15 (for the period 
1937-52) was 2.1. Pigs weaned on November 15 recciving a 16 
percent protein ration require the least time to attain a market-
ing weight of 225 pounds. The earlier marketing date of March 
3 would not, however, have given the highest price. A 14 per-
cent ration with a marketing date of March 5 would have given 
the highest price pel' ewt. A 12 percent protein ration 'Would 
have given the highest net return above the cost of fced after 
weaning. 
For pigs weaned on November 1, a 16 percent protein ration 
again would have given the most rapid gains and the earliest 
marketing dates; a 12 percent ration would have given the 
lowest cost for the gain after weaning, and a 20 percent ration 
would have given the highest price for pork. The 12 percent 
ration would have given the greatest return above feed costs 
after weaning. Hencc, it is apparent that whether priority 
should be given to rations which maximize daily gains or to 
those which minimize feed costs depends upon the weaning date 
of the pigs, and the feed price ratio in rclation to likely pork 
prices at marketing. Quite a range of rations can be used with-
out changing feed costs PCI' 100 pounds of gain. 
Usually the farmer will want to consider different rations 
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TABLE 12. NUMBER OF YEARS IN WHICH PRICES WERE HIGHEST OR 
LOWEST FOR SIX MARKETING DATES FOR PIGS WEANED 
Percent 
protein 
in ration 
10 
12 
14 
16 
18 
20 
10 
12 
14 
16 
18 
20 
NOV. 15 AND FED DIFFERENT RATIONS. 1937-52.* 
Days to reach I Marketing 
225 lb. date I No. years highest I No. years lowest price paid at this price paid at this time:** time:** 
November 1 weaning 
159 March 31 6 5 
121 March 1 1 4 
108 Feb. 19 5 4 
105 Feb. 17 5 6 
107 Feb. 21 2 4 
113 March 3 3 2 
November 15 weaning 
159 April 14 2 11 
121 March 15 4 0 
108 March 5 5 1 
105 March 3 4 3 
107 -. March 7 5 1 
113 March 17 4 0 
*The war years 1945 and 1946 Were omitted because the price paid Was tho same for all 
marketing dates included here. 
**Computed relative to tho six marketing dates shown in column 3 aDd not in terms of 
priccs over the entire year. (Source: Crops and Markets.) 
for hogs of different weights as suggested by the data in tables 
5 and 6. These rations then ean be related to weaning date and 
time in the manner indicated in table 10. (Table 11 uses the 
same ration throughout the production period.) The farmer also 
has the opportunity to adjust his weaning and marketing dates 
by selecting different dates for breeding and farrowing. 
The calculations in table 11 are for average selling prices 
over the period 1937-52. Table 12 not only emphasizes that in 
different years pigs weaned at the same time may need different 
rations, but they arc also of some interest in appraising the risks 
involved in different rations. Since low protein rations require 
a longer period for growing and fattening a market hog, it might 
be said that more risk and uncertainty is involved. The longer 
period gives more time for prices to change and the further into 
the future the farmer must extend his price expectations, the 
less -accurate he may be in gauging the likelihood of different 
price outcomes. An examination of table 12 suggests that this 
situation docs hold true for hogs weaned on November 15 and 
fed a 10 percent protein ration; this ration gives a marketing 
date with the lowest price in 11 out of 14 years and the highest 
price in 2 years. In this same sense there is a lawer probability 
of obtaining the lowest price of the six marketing dates when 
higher protein rations are fed, and a slightly higher probability 
TABLE 13. COMPARISON OF LEAST-COST RATION AND LEAST-TIrl,lE RATION IN FEED COSTS WITH AUREOMYCIN AND 
RETURNS PER HOG IN TAKING PIG,s FROM WEANING (34 LB.) TO 225 LBS. * 
Year 
1937 
1938 
1939 
1940 
H)41 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
HH5 
l!H6 
1947 
1948 
1949 
W50 
1951 
1952 
Price 
ratio 
2.7 
2.7 
2.8 
1.9 
2.2 
2.0 
1.9 
1.8 
1.7 
2.6 
. 1.3 
2.1 
2.4 
1.7 
1.7 
2.2 
2.7 
2.7 
2.8 
1.9 
2.2 
2.0 
1.9 
1.8 
1.7 
2.6 
1.3 
2.1 
2.4 
1.7 
1.7 
2.2 
Price per lb. 
--,--
Corn SBM 
.73 1.95 
.61 1.65 
.71 1.95 
.91 1.70 
1.07 2.40 
1.21 2.45 
1.64 3.05 
1.70 3.05 
1.09 3.05 
2.02 5.20 
4.00 5.20 
2.02 4.30 
1.73 4.15 
2.43 4.10 
2.87 4.95 
2.41 5.20 
-
.73 1.95 
.01 1.65 
.71 1.95 
.1)1 1.70 
1.07 2.40 
1.21 2.45 
1.64 3.05 
1. 70 3.05 
1.69 3.05 
2.02 5.20 
4.00 5.20 
2.02 4.30 
1.73 4.15 
2.43 4.10 
2.87 4.95 
2.41 5.20 
Cost of 34 - 225 lb. gain Gross return per pig ($) 
L.C. ration L.T. ration L.C. ration I L.T. ration 
We,ming date November 1 
5.58 6.41 21.87 21.94 
4.67 5.38 20.54 18.70 
5.45 6.30 17.06 17.01 
6.56 7.03 11.36 11.43 
7.94 8.79 16.72 16.96 
8.83 9.60 28.48 27.65 
H.SO 12.65 33.34 33.37 
12.16 12.97 29.92 29.92 
12.70 13.44 32.22 32.22 
15.34 17.48 32.22 32.22 
27.17 27.92 58.48 55.55 
14.87 16.30 49.54 47.81 
12.98 14.57 46.82 42.55 
17.22 18.20 38.05 38.00 
20.41 21.63 50.31 50.76 
17.78 19.54 37.87 38.74 
-
'Veaning date November 15 
5.58 6.41 22.32 21.62 
4.67 5.38 19.89 19.22 
5.45 0.30 16.13 17.57 
6.56 7.03 11.34 11.36 
7.94 8.79 10.74 16.72 
8.83 9.60 29.54 28.48 
11.80 12.65 33.44 33.34 
12.10 12.97 30.02 29.92 
12.70 13.44 32.22 32.22 
15.34 17.48 32.22 32.22 
27.17 27.92 63.92 63.68 
14.87 16.30 49.77 49.54 
12.98 14.57 47.14 45.45 
17.22 18.20 37.62 38.05 
20.41 21.63 47.95 48.04 
17.78 19.54 37.55 37.87 
------- ------ - - --- -------- ----- ----
Net return per pig ($) \ Days to market 
L.C. ration L.T. ration L.C. rationIL.T. ration 
16.29 15.53 130 105 
15.87 13.32 130. 105 
11.61 10.71 131 105 
4.80 4.40 120 105 
8.78 8.17 123 105 
19.65 18.05 121 105 
21.54 20.72 120 105 
17.76 16.95 l18 105 
19.52 18.78 117 105 
16.88 18.78*· 128 105 
31.31 27.63 111 105 
34.67 31.51 122 105 
33.84 27.98 126 105 
20.83 19.80 117 105 
29.90 29.13 117 105 
20.01) 19.20 123 105 
-- - - -- -
16.74 15.21 130 105 
15.22 13.84 130 105 
10.68 11.27** 131 105 
4.76 4.33 120 105 
8.80 7.93 123 105 
20.71 18.88 121 105 
21.64 20.69 120 105 
17.86 16.95 118 105 
19.52 18.78 117 105 
16.88 18.78** 128 105 
36.75 35.76 111 105 
34.90 33.24 122 105 
34.16 30.88 126 105 
20.40 19.85 117 105 
27.54 26.41 117 105 
19.77 18.33 123 105 
*Farrowing i. assumed to be on Septemher 15 and weaning (34#) at November 15. Feed requirements are based on interval functions for Cobb-Douglas 
(536 and 554} and time from square root function. L.C. refers to least-cost and L.T. refers to least-time ration. 
**Least-time ration higher net return than least-cost. 
CoO 
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of obtaining the highest price. For the earlier weaning date of 
November 1, the marketing date for a 10 percent protein ration 
is 15 days earlier and the "price risk"· is less pronounced. 
However, in 14 out of 16 years for pigs weaned November 15 
the least-cost ration would have resulted in greater profits. In 
other words the price gain was greater than cost increase for the 
least-time ration in only two years. The ration which gave the 
lowest cost of gain would, of course, have differed between years. 
(The days shown in table 13 for the least-cost ration can be 
compared with t.hose in t.able 10 for indication of t.he rations 
involved. One point of difference exists; namely, the figures in 
table 13 are based on least-cost rations in each weight interval.) 
For a weaning date of November 1, the least-time ration was 
most profitable in only 1 out of 16 years. 
LEAST-COST RATIONS AND OPTIMUM MARKETING 
WEIGHTS 
In t.he end the farmer must make two decisions in livestock 
feeding: (1) the ration to be fed for anyone level of produc-
t.ion or output (the feed substit.ution problem) and (2) the 
amount of the best ration to feed the animal and the marketing 
weight or level of production to be attained. The appropriate 
procedure is to decide first the least-~ost ration and then the 
amount to be fed (i.e., the marketing weight or production level). 
Usually the farmer knows the cun-ent feed prices but must 
estimate the future livestock price. In order to facilitate these 
decisions in pork production, tables 14 and 15 have been com-
puted. They show feed costs and hog prices at the beginning of 
the indicated weight intervals. They then show the price per 100 
pounds which must be received to "break even" on feed costs 
if hogs are sold at the upper weight in the interval. In table 
14 for example, under a 10 percent protein ration costing $5 
per 100 pounds and with a present price of $10 per 100 pounds, 
175 pound pigs fed to 200 pounds must sell for $11.43 per 100 
pounds if the farmer is to get back his feed cost and the starting 
value of the pigs. . 
To figure th,e price at selling time necessary to cover all costs 
as well as feed and the present value of the hog, the farmer 
can add his capital, labor and other costs to the quantities shown. 
Generally, labor and capital costs represent about one-fourth the 
total costs of a market hog. Hence, we may take $11.43 and add 
25 percent to this (or multiply $11.43 by 1.25) to get a figure 
of $14.29; this is the amount necessary to pay all labor and 
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capital costs for the pig .from weaning, pay for the feed between 
the weights of 175 and 200 pounds and return the value of the 
pig at 175 pounds.31 
The same procedure can be applied to feed costs and pork 
prices at other levels. With a price of $8 per 100 pounds for a 
175 pound pig and the ration costing "$2.20, a selling price of 
$8.18 is necessary to "break even" on the feed over the 175-200 
pound weight interval and get back the value of the pig at 175 
pounds j if the price of 175 pound pigs is increased to $18, the 
selling price must be $16.93. 
'rhese procedures can be used for either least-cost or least-
time rations. First, the farmer may decide on the amount of 
protein and corn which will allow the lowest feed costs per 
pound of gain from table 6. He then can compute the cost per 
100 pounds of this ration and use it along with the hog price 
data in tables 14 and 15 to estimate the necessary selling price 
to "break even." Or, he can select a least-time ration from 
table 10 and apply the same procedure. 
31 It includes the value of the pig at 175 pounds rather than the cost ot 
the feed up to this time; the farmer Is faced with the decision not of whether 
he "should have fed" the pig to 175 pounds but whether he should sell it 
at 175 pounds or take it to a heavier weight. 
TABLE 14. NECESSARY SELLING PRICE TO PERMIT THE FEEDER TO BREAK EVEN IN PUTTING 25 POUNDS ADDITIONAL 
WEIGHT ON HOGS WEIGHING 175 POUNDS. 
Present feed 
price (dOllarSI ____ , ____ , ___________________ ..,-___________ : ___ _ p~ ~~i~~)' . 8.00 I 10.00 I 12.00 I 14.00 I 16.00 I 18.00 1 20.00 I· 22.00 1 24.00 I 26.00 I 28.00 I 30.00 
Current price of hogs per hundred pounds (dollars) 
For a 10 percent protein ration 
I I 
5.00 9.68 11.43 13.18 14.93 16.68 18.43 20.18 21.93 23.68 25.43 27.18 28.93 
4.80 9.57 11.32 • 13.07 14.82 16.57 18.32 20.07 21.82 23.57 25.32 27.07 28.82 
4.60 9.46 11.21 12.96 14.71 16.46 18.21 19.96 21.71 23.46 25.21 26.96 28.71 
4.40 9.36 11.11 12.86 14.61 16.36 18.11 19.86 21.61 23.36 25.11 26.86 28.61 
4.20 9.25 11.00 12.75 14.50 16.25 18.00 19.75 21.50 23.25 25.00 26.75 28.50 
4.00 9.14 10.89 12.64 14.39 16.14 17.89 19.64 21.39 23.14 2.1.89 26.64 28.39 
3.80 9.03 10.78 12.53 14.28 16.03 17.78 19.53 21.28 23.03 2.1.78 26.53 28.28 
3.60 8.93 10.68 12.43 14.18 15.93 17.68 19.43 21.18 22.93 24.68 26.43 28.18 
3.40 8.82 10.57 12.32 14.07 15.82 17.57 19.32 21.07 22.82 24.57 26.32 28.07 
3.20 8.71 10.46 12.21 13.96 15.71 17.46 19.21 20.96 22.71 24.46 26.21 27.90 
3.00 8.61 10.36 12.11 13.86 15.61 17.36 19.11 20.86 22.61 24.36 26.11 27.86 
2.80 8.50 10.25 12.00 13.75 15.50 17.25 19.00 20.75 22.50 24.25 26.00 27.75 
2.60 8.39 10.14 11.89 13.64 15.39 17.14 18.89 20.64 22.39 24.14 25.89 27.64 
2.40 8.29 10.03 11.79 13.54 15.29 17.04 18.79 20.54 22.29 24.04 25.79 27.54 
2.20 8.18 9.93 11.68 13.43 15.18 16.93 18.68 20.43 22.18 23.93 25.68 27.43 
2.00 8.07 9.82 11.57 13.32 15.07 16.82 18.57 20.32 22.07 23.82 25.57 27.32 
For a J 2 percent protein ration 
5.00 9.62 11.37 13.12 14.87 16.62 18.37 20.12 21.87 23.62 25.37 27.12 28.87 
4.80 9.51 11.26 13.01 14.76 16.51 18.26 20.01 21.76 23.51 25.26 27.01 28.76 
4.60 9.41 11.16 12.91 14.66 16.41 18.16 19.91 21.66 23.41 25.16 26.91 28.66 
4.40 9.30 11.05 12.80 14.55 16.30 18.05 19.80 21.55 23.30 25.05 26.80 28.55 
4.20 9.20 10.95 12.70 14.45 16.20 17.95 19.70 21.45 23.20 24.95 26.70 28.45 
4.00 9.09 10.84 12.59 14.34 16.09 17.84 19.59 21.34 23.09 24.84 26.59 28.34 
3.80 8.99 10.74 12.49 14.24 15.99 17.74 19.49 21.24 22.99 24.74 26.49 28.24 
3.60 8.89 10.64 12.39 14.14 15.89 17.64 19.39 21.14 22.89 24.64 26.39 28.14 
3.40 8.78 10.53 12.28 14.03 15.78 17.53 19.28 21.03 22.78 24.53 26.38 28.03 
3.20 8.68 10.43 12.18 13.93 15.68 17.43 19.18 20.93 22.68 24.43 26.18 27.93 
3.00 8.57 10.32 12.07 13.82 15.57 17.32 19.07 20.82 22.57 24.32 26.07 27.82 
2.80 8.47 10.22 11.97 13.72 15.47 17.22 18.97 20.72 22.47 24.22 25.97 27.72 
2.60 8.36 10.11 11.86 13.61 15.36 17.11 18.86 20.61 22.36 24.11 25.86 27.61 
2.40 8.26 10.01 11. 76 13.51 15.26 17.01 18.76 20.51 22.26 24.01 25.76 27.51 
2.20 8.15 9.90 11.65 13.40 15.15 16.90 18.65 20.40 22.15 23.90 25.65 27.40 
2.00 8.05 9.80 11.55 13.30 15.05 16.80 18.55 20.30 22.05 23.80 25.55 27.30 
--
Feed cost 
per 100 
pounds 
gain 
21.42 
20.56 
19.71 
18.85 
17.99 
17.14 
16.28 
15.42 
14.57 
13.71 
12.8,5 
12.00 
11.14 
10.28 
9.42 
8.57 
20.95 
20.11 
19.27 
18.43 
17.60 
16.76 
15.92 
15.08 
14.24 
13.41 
12.57 
11.73 
10.89 
10.05 
9.22 
8.38 
~ 
0'> 
o 
Present feed 
pr ce (dollars 
per 100 lb •. 1---1 1 
of ration) 8.00 10.00 12.00 
5.00 9.66 11.41 13.16 
4.80 9.56 11.30 13.06 
4.60 9.45 11.20 12.95 
4.40 9.34 11.09 12.84 
·1.20 9.24 10.99 12.74 
4.00 9.1:1 10.88 12.63 
3.80 (1.02 10.77 12.52 
3.60 8.92 10.67 12.42 
3.40 8.81 1O.5G 12.31 
3.20 8.70 10.45 12.20 
3.00 8.GO 10.3;; 12.10 
2.80 8.49 10.24 11.99 
2.60 8.38 10.13 11.88 
2.40 8.28 10.0.1 11.78 
2.20 8.17 !l.92 1l.G7 
2.00 8.06 9.81 11.5G 
TABLE 14-(continued). 
Current price of hogs per hundred pounds (dollars) 
14.00 I 16.00 I 18.00 I 20.00 I 22.00 I 24.00 
For a 14 percent protein ration 
14.91 16.66 18.41 20.16 21.91 23.66 
14.80 16.56 18.30 20.06 21.80 23.5B 
14.70 16.45 18.20 19.95 21.70 23.45 
14.59 16.34 18.09 19.84 21.59 23.34 
14.49 16.2·1 17.99 19.74 21.49 23.24 
14.38 16.13 17.88 19.63 21.38 23.13 
14.27 16.02 17.77 19.52 21.27 23.02 
14.11 15.92 17.67 19.·12 21.17 22.92 
14.06 15.81 17.56 19.31 21.06 22.81 
13.95 15.70 17.45 19.20 20.95 22.70 
13.85 15.60 17.35 !!l.1O 20.85 22.60 
13.74 15.49 17.24 18.99 20.74 22.49 
13.G3 15.38 17.13 18.88 20.G3 22.38 
13.53 15.28 17.03 18.78 20.53 22.28 
13.42 15.17 16.92 IS.G7 20.42 22.17 
13.31 15.013 16.S1 ~8.50 20.31 22.0G 
I Feed cost 
I per 100 1 I 1---- pounds 26.00 28.00 30.00 gain 
25.41 27.16 28.91 21.29 
25.30 27.06 28.80 20.44 
25.20 26.95 28.70 19.59 
25.09 26.84 28.59 18.74 
24.99 26.74 28.49 17.88 
24.88 26.63 28.38 17.03 
24.77 26.52 28.27 16.18 
24.67 26.42 28.17 15.33 
24.5B 26.31 28.06 14.48 
24.45 26.20 27.95 13.63 
24.35 26.10 27.85 12.77 
24.24 25.99 27.74 11.92 
24.13 25.88 27.G3 11.08 
24.03 25.78 27.53 10.22 
23.92 25.G7 27.42 9.37 
23.81 25.513 27.31 8.52 
-
_. 
_. 
----- ---------- -- - - - --- ---- --- -
For a 16 percent protein ration 
5.00 9.75 11.50 13.25 15.00 16.75 18.50 20.25 22.00 23.75 25.50 27.25 29.00 22.02 
4.80 9.64 11.39 13.14 14.89 lG.G4 18.39 20.14 21.89 23.64 25.39 27.14 28.89 21.13 
4.GO 9.,;:j 11.28 13.03 B.78 10.53 IS.28 20.03 21.78 23.53 25.28 27.03 2S.78 20.25 
4.40 9.42 11.17 12.92 14.67 1G.42 lS.17 19.92 21.67 23.42 25.17 2G.!l2 28.G7 19.31 
4.20 9.31 11.06 12.81 14.5G 16.31 18.06 19.81 21.513 23.31 25.0G 26.81 28.56 lS.49 
4.00 9.20 1O.!l5 12.70 14.45 1G.20 17.95 19.70 21.45 23.20 24.95 26.70 2S.45 17.61 
3.80 9.09 10.84 12.59 14.34 W.09 17.84 19.ij9 21.34 23.09 24.84 26.59 28.34 16.73 
3.GO S.98 10.73 12.48 14.23 15.98 17.73 19.48 21.23 22.98 24.83 2G.48 28.23 15.85 
3.40 8.87 1O.G2 12.37 14.12 15.81 17.62 19.37 21.12 22.87 24.62 26.37 2S.12 14.97 
3.20 8.7G 10.51 12.213 14.01 15.76 17.51 19.2G 21.01 22.76 24.51 26.26 28.01 14.09 
3.00 8.!l5 10.40 12.lG 13.90 15.65 17.40 19.15 20.90 22.65 24.40 26.15 27.90 13.21 
2.80 8.54 10.29 12.04 13.79 15.54 17.29 19.04 20.79 22.54 24.29 26.04 27.79 12.33 
2.130 8.43 10.18 11.93 13.G8 15.43 17.1S lS.93 20.68 22.43 24.18 25.93 27.68 11.45 
2.40 8.32 10.07 11.82 13.57 15.32 17.07 18.82 20.57 22.32 24.07 25.S2 27.57 10.57 
2.20 8.21 9.!lG 11.71 13.46 15.21 1G.9G 18.71 20.413 22.21 23.96 25.71 27.46 9.69 
2.00 8.10 9.85 1l.GO 13.35 15.10 16.85 18.60 20.35 22.10 23.85 25.60 27.35 8.81 
--------------.-- .. ---- --- ------
-- ----
.-
- - - -- --
~ 
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TABLE 15. NECESSARY SELLING PRICE TO PERMIT THE FEEDER TO BREAK EVEN IN PUTTING 25 POUNDS ADDITIONAL 
WEIGHT ON HOGS WEIGHING 200 POUNDS. 
Current price of hogs per hundred pound. (dollars) Present reed 
price (dollars 
pe.,'f ~~~i~~)' 11--8-.00-1 10.00 I 12.00 I 14.00 I 16.00 I 18.00 I 20.00 I 22.00 I 24.00 
For" 10 percent protein ration 
5.00 9.88 11.66 13.44 15.22 17.00 18.78 20.56 22.34 24.12 
4.80 9.76 11.54 13.32 15.10 16.88 18.66 20.44 22.22 24.00 
4.60 9.65 11.43 13.21 14.99 16.77 18.55 20.33 22.11 23.89 
4.40 9.54 11.32 13.10 14.88 16.66 18.44 20.22 22.00 23.78 
4.20 9.43 11.21 12.99 14.71 16.55 18.33 20.11 21.89 23.67 
4.00 9.32 11.10 12.88 14.66 16.44 18.22 20.00 21.78 23.56 
3.80 9.21 10.99 12.11 14.55 16.33 18.11 19.89 21.67 23.45 
3.60 9.10 10.88 12.66 14.44 16.22 18.00 19.78 21.56 23.34 
3.40 8.99 10.71 12.55 14.33 16.11 11.89 19.67 21.45 23.23 
3.20 8.88 10.66 12.44 14.22 16.00 17.78 19.56 21.34 23.12 
3.00 8.77 10.55 12.33 14.11 15.89 11.67 19.45 21.23 23.01 
2.80 8.66 10.44 12.22 14.00 15.78 17.56 19.34 21.12 22.90 
2.60 8.55 10.33 12.11 13.89 15.67 17.45 19.23 21.01 22.79 
2.40 8.44 10.22 12.00 13.78 15.56 17.34 19.12 20.90 22.68 
2.20 8.33 10.11 11.89 13.67 15.45 17.23 19.01 20.79 22.57 
2.00 8.22 10.00 11.78 13.56 15.34 17.12 18.90 20.68 22.46 
- -
-~-
----
For" 12 percent protein ration 
5.00 9.81 11.59 13.37 15.15 16.93 18.11 20.49 22.27 24.05 
4.80 9.11 11.49 13.21 15.05 16.83 18.61 20.39 22.17 23.95 
4.60 9.60 11.38 13.16 14.94 16.12 18.50 20.28 22.06 23.84 
4.40 9.49 11.21 13.05 14.83 16.61 18.39 20.11 21.95 23.13 
4.20 9.38 11.16 12.94 14.72 16.50 18.28 20.06 21.84 23.62 
4.00 9.28 11.06 12.84 14.62 16.40 18.18 19.96 21.74 23.52 
3.80 9.11 10.95 12.13 14.51 16.29 18.01 19.85 21.63 23.41 
3.60 9.06 10.84 12.62 14.40 16.18 11.96 19.14 21.52 23.30 
3.40 8.95 10.13 12.51 14.29 16.01 11.85 19.63 21.41 23.19 
3.20 8.84 10.62 12.40 14.18 15.96 17.74 19.52 21.30 23.08 
3.00 8.14 10.52 12.30 14.08 15.86 11.64 19.42 21.20 22.98 
2.80 8.63 10.41 12.19 13.97 15.75 17.53 19.31 21.09 22.87 
2.60 8.52 10.30 12.08 13.86 15.64 17.42 19.20 20.98 22.76 
2.40 8.41 10.19 11.97 13.75 15.53 17.31 19.09 20.81 22.65 
2.20 8.31 10.09 11.87 13.65 15.43 17.21 18.99 20.77 22.55 
2.00 8.20 9.98 1l.76 13.54 15.32 17.10 18.88 20.66 22.44 
I Feed cost I per 100 pounds I 26.00 I 28.00 I 30.00 gain 
25.90 27.68 29.46 22.04 
25.78 27.56 29.34 21.16 
25.67 27.45 29.23 20.28 
25.56 21.34 29.12 19.40 
25.45 27.23 29.01 18.51 
25.34 27.12 28.90 17.63 
25.23 .21.01 28.79 16.15 
25.12 26.90 28.68 15.87 
25.01 26.79 28.57 14.99 
24.90 26.68 28.46 14.11 
24.79 26.57 28.35 13.22 
24.68 26.46 28.24 12.34 
24.57 26.35 28.13 11.46 
24.46 26.24 28.02 10.58 
24.35 26.13 21.91 9.70 
24.24 26.02 27.80 8.82 
-- -- -
25.83 21.61 29.39 21.55 
25.73 21.51 29.29 20.69 
25.62 21.40 29.18 19.83 
25.51 21.29 29.01 18.97 
25.40 21.18 28.96 18.11 
25.30 21.08 28.86 11.24 
25.19 26.97 28.75 16.38 
25.08 26.86 28.64 15.52 
24.91 26.75 28.53 14.66 
24.86 26.64 28.42 13.79 
24.16 26.54 28.32 12.93 
24.65 26.43 28.21 12.01 
24.54 26.32 28.10 11.21 
24.43 26.21 21.99 10.35 
24.33 26.11 27.89 9.48 
24.22 26.00 27.78 8.62 
<:0 
~ 
I:\:) 
Present feed 
price (dollar. 
TABLE 15-(continued). 
Current price of hogs per hundred pounds (dollars) 
p';;{ ~~ri~~)· 1--8-.-00-] 10.00 I 12.00 I 14.00 I 16.00 I 18.00 I 20.00 I 22.00 I 24.00 I 26.00 I 28.00 I 30.00 
For n 14 percent protein ration 
5.00 9.86 11.64 13.42 15.20 16.98 18.76 20.54 22.32 24.10 25.88 27.66 29.44 
4.80 9.75 11.53 13.31 15.09 16.87 18.65 20.43 22.21 23.99 25.77 27.55 29.33 
4.60 9.64 11.42 13.20 14.98 16.76 18.54 20.32 22.10 23.88 25.66 27.44 29.22 
4.40 9.53 11.31 13.09 14.87 16.65 18.43 20.21 21.99 23.77 25.55 27.33 29.11 
4.20 9.42 11.20 12.98 14.76 16.54 18.32 20.10 21.88 23.66 25.44 27.22 29.00 
4.00 9.31 11.09 12.87 14.65 16.43 18.21 19.99 21.77 23.55 25.33 27.11 28.89 
3.SO 9.20 10.98 12.76 14.54 16.32 18.10 19.88 21.66 23.44 25.22 27.00 28.78 
3.60 9.09 lO.87 12.65 14.43 16.21 17.99 19.77 21.55 23.33 25.11 26.89 28.67 
3.40 8.98 10.76 12.54 14.32 16.10 17.88 19.66 21.44 23.22 25.00 26.78 28.56 
3.20 8.87 lO.65 12.43 14.21 15.99 17.77 19.55 21.33 23.11 24.89 26.67 28.45 
3.00 8.76 10.54 12.32 14.lO 15.88 17.66 19.44 21.22 23.00 24.78 26.56 28.34 
2.80 8.65 10.43 12.21 13.99 15.77 17.55 19.33 21.11 22.S9 24.67 26.45 28.23 
2.60 8.54 10.32 12.10 13.S8 15.66 17.44 19.22 21.00 22.78 24.56 26.34 28.12 
2.40 8.43 10.21 11.99 13.77 15.55 17.33 1\l.l1 20.89 22.67 24.45 26.23 28.01 
2.20 8.32 10.10 11.88 13.66 15.44 17.22 19.00 20.78 22.56 24.34 26.12 27.90 
2.00 8.22 10.00 11.78 13.56 15.34 17.12 IS.90 20.68 22.46 24.24 26.02 27.S0 
----- -
For n 16 percent protein ra.bon 
5.00 9.95 11.73 13.51 15.29 17.07 18.S5 20.63 22.41 24.19 25.97 27.75 29.53 
4.SO ~ 9.84 11.62 13.40 15.18 16.96 IS.74 20.52 22.30 24.08 25.86 27.64 29.42 
4.60 9.72 11.50 13.28 15.06 16.84 18.62 20.40 22.18 23.96 25.74 27.52 29.30 
4.40 9.61 11.39 13.17 14.95 16.73 18.51 20.29 22.07 23.85 25.63 27.41 29.19 
4.20 9.50 11.28 13.06 14.84 16.62 18.40 20.18 21.96 23.74 25.52 27.30 29.08 
4.00 9.39 11.17 12.95 14.73 16.S1 18.29 20.07 21.85 23.63 25.41 27.19 28.97 
3.80 9.27 11.05 12.83 14.61 16.39 18.17 19.95 21.73 23.51 25.29 27.07 28.85 
3.60 9.16 lO.94 12.72 14.50 16.28 IS.06 19.84 21.62 23.40 25.18 26.96 28.74 
3.40 9.05 10.83 12.61 14.39 16.17 17.95 19.73 21.51 23.29 25.07 26.85 28.63 
3.20 8.93 10.71 12.49 14.27 16.05 17.83 19.61 21.39 23.17 24.95 26.73 28.51 
3.00 8.82 10.60 12.38 14.16 15.94 17.72 19.50 21.28 23.06 24.84 26.62 28.40 
2.80 8.71 10.49 12.27 14.05 15.83 17.61 19.39 21.17 22.95 24.73 26.51 28.29 
2.60 8.59 10.37 12.15 13.93 15.71 17.49 19.27 21.05 22.83 24.61 26.39 2S.17 
2.40 8.48 10.26 12.04 13.82 15.60 17.38 19.16 20.94 22.72 24.50 26.28 28.06 
2.20 8.37 10.15 11.93 13.71 15.49 17.27 19.05 - 20.83 22.61 24.39 26.17 27.95 
2.00 8.25 10.03 11.81 13.59 15.37 17.15 18.93 20.71 22.49 24.27 26.05 27.83 
------ --- -- - -
Feed cost 
per 100 
pounds 
gain 
21.91 
21.03 
20.15 
19.28 
18.40 
17.52 
16.65 
15.77 
14.90 
14.02 
13.14 
12.27 
11.39 
10.51 
9.64 
8.76 
--- -
22.65 
21.75 
20.S4 
19.93 
19.03 
18.12 
17.22 
16.31 
15.40 
14.50 
13.59 
12.69 
II. 78 
10.87 
9.97 
9.06 
--
<:.0 
en 
CJ,j 
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APPENDIX 
The data ,and figures which follow are included to provide 
additional details on the study and to suggest how different 
functions apply to the data. The brief headings describe the 
data presented in the tables and figures. Interested readers can 
contact the authors f{)r other comparisons between the functions; 
limited publishing budgets have restricted the number of these 
which might be published. A few additional equations are pre-
sented below. 
Quadratic crossproduct equations for experiments 536 and 
554 pooled were as follows: 1 
1. With aureomycin 
34 - 75 lb. : Y = 2.149+.996P+.2800- .0205p2- .00066902 
+.00590PO 
75-150 lb. : Y = - 3.494+.420P+.37 40·- .001l0p2 
- .00027802 - .000625POt 
1'50-200 lb. : Y = 3.476+ .102P:j:+.237 C+ .000102pz:j: 
+ .00009602+.000257 PO:j: 
overall: Y = 3.004+ .582P + .314C - .00144p2 
- .00009902 - .000118PO:j: 
2. Without aureomycin 
34 - 75 lb. : Y = 3.133+ .941P+ .2580- .0103p2 
- .00021402:j:+.00152PC:j: 
75-150 lb.: Y =4.066+.363P+.367C-.00299p2 
- .00043502+ .000756PO:j: 
150-200 lb.: Y = -2.163+.105P:j:+.3280-.000943p2:j: 
- .000297C2 t+.000481PO:j: 
overall : Y=3.778+.620P+.288C-.00165p2 
- .000085C2 - .000090PC:j: 
The following equations are derived from experiment 506. 
They are all fitted over the hog weights from 34 to 200 pounds. 
1. Regression Equations 
A. With aureomycin 
1. Cobb-Douglas overall, 34-200 pound pigs 
1 Significant at more than 20 percent probability level ,designated by *. 
significant at 10 to 20 percent by t. at 5 to 10 percent by '; no asterisk indi-
cates significance at 5 percent or less. 
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2. Quadratic overall 
(a) Y = 6.766+.447P+.3360-.0001011p2t 
- .0000902 - .000491PO 
(b) Y = 7.264+ .438P+ .3330 - .00] 22p2 - .00012502 
(c) Y=8.802+.247P+.3640-.00016802 
B. Without aureomycin 
1. Cobb-Douglas overall, 34-200 pound pigs 
Y = 1.5580·G52p.139 
2. Quadratic overall, 34-200 pound pigs 
(a) Y = 6.844+ .3230 - .00013002+ .336P- .0086p2 
+.0003190Pt 
(b) Y = 6.569+ .3210- .000102+ .351P- .00119p2 
(c) Y=8.105+.3510-.0001450 2+.165P 
Contour equations derived from the quadratic crossproduct 
functions, for experiments 536 and 534 pooled are: 
1. With aureomycin 
34 -75Ib.: 0=209.201+4.407P 
,--~~~~~==~~~~~=== 
±747.384Y-·0000120p2+.00597P+.0841+.00268Y 
75-150 lb. : 0 = 672.926 -1.124P 
-+-179S.561 y'--.700::-::0:-::-07:00=S=27=P=2---.0=0=0700;O-:;OC:-1S=3=P:-+:-.713::-:6~1---.0::-::0~1:::-:11:-=:Y 
150-200 lb.: 0= -1232.172-1.339P 
-+- 5208.333Y~.0::-::0=0-::-:00::-:::0702;:-::6:::::9-::::P-=-2+-:--:::.0700::-:::0:-::-82=3=P::-+:-.-::-05::-4:-:::6---:-+-.0=0=0=38::-:4=Y 
overall : 
0= 1587.384- .596P 
~~-::c=~=:-~~~~~~~~~~ 
+5050.505Y.0000005561p2- .000304P+.0991- .000396Y 
2. 'Without aureomycin 
34 -75Ib.: 0=603.17+3.540P 
-2336.449Y - .00000650p2- .00157P+.0693 - .000856Y 
75-100 lb.: 0=421.826+.869P 
±1149.53Y-·00000463p2+.00119P+.128-.00174Y 
150-200 lb.: 0=552.418+.810P 
-+-1683 .502y'---.0=0=0=00=0-::-88=8::-:::P::::-2+....,...--:.0=0704-:-:4:::-1P=-:-+--=.1:-:::0-:::-51::-----;;.0-::-01=1'""'9-='Y 
overall: 0=1694.232-.529P 
-+-5882.353Y - .000000552p2- .000307P+8.297 - .000340Y 
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The substitution functions for these same contour equations 
are: 
1. With aureomycin 
34 -751b.: 
de = 4.407+ -2.230+.0149P 
dP y - .0000200p2+.00597P+.0841+.00268Y 
75-150 lb.: 
de = -1.124+ y .000164+.00149P 
dP - -.000000827p2-.000000l83P+.1361-.00111Y 
150-200 lb. : 
de _ -1339+ .214+.000l40P 
dP - . -Y-'::.===00:::::::0=00===0:::::::0==26:::::::P:::::::2=+=.0==0==0==OS:::::::2:::::3:::::P=+=.0:::::::5==4=6 -====.0:::::0:::::03:::::::8==4="Y 
overall : 
de = -.596+ -39.419+.293P 
dP - Y.000000556p2+ .9991- .000304P- .000396Y 
2. Without aureomycin 
34 - 75Ih.: 
de = 3.540+ -1.854+.0152P 
dP y - .00000650p2- .00159P+.069- .000856Y 
75-150 lh.: 
de ' , - .682+ .00533P 
dP = .869+ Y-.00000463p2+.00119P+.128-.00174Y 
150-200 lb. : 
de -.371+.00150P 
dP = .810+ y - .000000889p2+.000441P+ .105- .00119Y 
overall : 
de _ -90.465-.00325P 
- 5294+--;-==:~~~:=::=::==~~====:==;;=~;=,,~~~ dP - . . - Y-.000000552F2-.000307P+8.297-.000340Y 
TABLE A. CORN PRODUCTIVITY WITH PROTEIN FIXED AT THREE 
LEVELS, LOGARITHMIC OVERALl, ,FUNCTION WITHOUT 
AUREOMYCIN, POOLED EXPERIMENTS 536 AND 554. 
Gain with 50 lb •. protein* Gain with 100 lb •. protein*" 
Total com 
input 
Total 
Marginal gain 
per lb. feed. Total 
Marginal gain 
per lb. feed. 
50 35.6 .439 41.1 .506 
100 54.6 .336 63.0 .388 
150 70.1 .287 80.9 .332 
200 83.6 .257 96.6 .297 
250 95.9 .236 ltO.8 .273 
300 107.3 .220 124.0 .254 
350 118.0 .208 136.3 .240 
400 128.1 .197 148.0 .228 
450 137.8 .188 159.1 .218 
500' l47.0 .181 169.8 .209 
550 155.9 .174 180.0 .201 
600 164.4 .169 189.9 .195 
650 172.7 .164 199.5 .189 
700 180.8 .159 208.8 .184 
*Soybean oHmeal "fixed" at 50 pounds per pig. 
*"Soybean oHmeal "fixed" at 100 pound. per pig. 
TABLE B. NUMBER OF OBSERVATIONS, STANDARD ERRORS AND VALUES 
OF I FOR COBB-DOUGLAS EQUATIONS. 
Standard error (0) and value. of t 
_______ T_r_ea_t_m_e_n_t ______ .I __ N __ I.~-S_b~(~P~) ~1~~Sb~(~C~) ~ ~~~t~p~~ ~~~t~c~~ 
A. Experiment 536 
1. With aureomycin 
34 - 75Ib.: ...................... __ .............. 34 .0366 .0471 7.91 11.61 
75 - 150Ib.:._ ....................................... 52 .0232 .0305 6.52 26.05 
150 - 200 lb.: .......................................... 56 .0264 .0416 6.08 19.15 
overall: ...................................................... 142 .0090 .0103 22.46 61.08 
2. Without aureomycin 
34 - 7.5 Ibs: ............................................ 30 .0407 .0502 8.77 9.23 
75 
-
150 Ibe: .......................................... 42 .0409 .0568 1.53 16.52 
150 
-
200 Ibe: .......................................... 62 .0316 .0457 3.03 19.41 
overall: ............ ___ ............ ___ ........................ 119 .0162 .0186 11.06 35.26 
B. Experiment 554 
1. With aureomycin 
34 - 75 lb.: ............................................ 42 .0184 .0256 17.59 19.26 
75 - 150 lb.: .......................................... 60 .0150 .0238 11.61 30.89 
150 - 200 lb.: .......................................... 55 .0196 .0422 2.71 20.48 
overall: ...................................................... 161 .0084 .0104 26.03 60.26 
2. Without aureomycin 
34 - 75 lb.: .......................................... 46 .0216 .0310 12.85 17.06 
75 - 150 lb.: .......................................... 59 .0164 .0271 13.3 25.5 
150 
-
200 lb.: .......................................... 57 .0247 .0513 3.59 17.1 
overall: ...................................................... 161 .0087 .0109 26.38 54.42 
C. Experiment. 536 and 554 pooled 
1. With aureomycin 
76 .0273 .0279 14.31 19.11 34 - 75 lb.: ............................................ 
75 - 150 lb.: .......................................... 112 .0163 .0244 8.70 31.41 
150 - 200Ibe: .......................................... III .0174 .0318 5.30 26.94 
overall: ...................................................... 303 .0130 .0158 15.34 40.35 
2. Without aureomycin 
34 - 75 lb.: .......................................... 76 .0230 .0311 12.52 16.99 
75 
-
150 lb.: .......................................... 102 .0221 .0343 7.38 22.49 
150 
-
200 lb.: .......................................... 119 .0204 .0342 3.98 26.77 
overall: ...................................................... 280 .00917 .0118 21.41 52.32 
TABLE C. STANDARD ERRORS AND t VALUES FOR REGRESSION COEFFICIENTS, AND NUMBER OF OBSERVATIONS FOR 
QUADRATIC CROSSPRODUCT EQUATIONS, POOLED DATA FROllI EXPERIMENTS 536 AND 554. 
--
- --
N So (1/) Sa(c) So(p)2 Sb(c)2 Sb(pc) tp tc tp2 tc2 tpc 
I. With aureomycin 
34 - 75 Ibs: 77 .1368 .0405 .0032 .00024 .00210 7.28 6.92 6.31 2.76 2.81 
75 - 150 lb.: 115 .0812 .0319 .0007 .00010 .00044 5.18 11. 72 1.55 2.72 1.43 
150 - 200 lb.: 115 .0995 .0490 .0013 .00023 .00080 1.03 4.83 .08 0.42 0.32 
overall: 302 .0461 .0154 .0002 .00003 .00013 12.61 20.39 7.30 3.63 0.93 
2. Without aureomycin 
34 - 75lbs: 75 .1553 .0550 .0040 .00032 .00218 6.06 4.70 2.56 0.67 0.70 
75 - 150 lb.: 100 .0987 .0440 .0009 .00014 .00070 3.68 8.35 3.26 3.06 1.08 
150 - 200 Ibs: 119 .1002 .0393 .0013 .00012 .00067 1.05 8.35 0.73 2.43 0.72 
overall: 280 .0565 .0176 .0002 .00027 .00003 10.97 16.34 6.22 2.93 0.59 
to 
en 
00 
TABLE D. TOTAL A:'><D MARGINAL GAIN FOR PROTEIN LEVELS FROM 10 TO 20 PERCENT FOR CORN AND SOYBEA:'>< MEAL 
I:'><CREASED TOGETHER IN CONSTANT PROPORTIONS (GAIN OVER BEGINNING WEIGHT OF 34 POUNDS). 
Lb. feed 
10% 
50 17.82 
100 31.54 
150 44.04 
200 55~81 
250 67.06 
300 77.92 
350 88.47 
400 98.75 
450 108.81 
500 118.67 
550 128.36 
600 137.89 
650 147.29 
700 156.55 
750 165.70 
800 174.74 
--
EXPERIl\IENT 554 AND 536, WITHOUT AUREOMYCIN AND LOGARITHMIC EQUATION. 
(NOTE THAT THE MARGINAL PRODUCTIVITY OF FEED INCREASES 
UNTIL THE PERCENT PROTEIN APPROACHES 17 -18 PERCENT.) 
Total gain (pounds) with protein level 01: Marginal or additional gain per pound added feed for prowin level of: 
12% 14% 16% 18% 20% 10% 12% 14% 16% 18% 20% 
20.26 21.33 21.77 21.84 21.62 .3564 .4052 .4267 .4354 .4367 .4325 
35.85 37.75 38.52 38.64 38.27 .2743 .3118 .3284 .3350 .3361 .3328 
50.06 52.71 53.79 53.95 53.43 .2500 .2842 .2992 .3053 .3063 .3033 
63.71 66.80 68.16 68.37 67.71 .2354 .2731 .2818 .2875 .2884 .2856 
76.24 80.28 81.91 82.16 81.37 .. 2251 .2505 .2695 .2750 .2758 .2731 
88.59 93.28 95.18 95.47 94.55 .2173 .2470 .2601 .2653 .2662 .2636 
100.57 105.90 108.06 108.40 107.34 .2109 .2397 .2524 .2580 .2586 .2558 
112.26 118.21 120.62 120.99 119.82 .2056 .2338 .2462 .2512 .2518 .2496 
123.69 130.25 132.90 133.32 132.02 .2012 .2286 .2408 .2456 .2466 .2440 
134.90 142.05 144.95 145.39 143.39 .1972 .2242 .2360 .2410 .2414 .2394 
145.92 153.65 156.78 157.26 155.74 .1938 .2204 .2320 .2366 .2374 .2350 
156.75 165.06 168.43 168.94 167.31 .1906 .2166 .2282 .2330 .2336 .2314 
IG7.43 176.31 179.90 180.45 178.71 .1880 .2136 .2250 .2294 .2302 .2280 
177.97 187.40 191.22 191.80 1S9.95 .1852 .2108 .2218 .2264 .2270 .2248 
188.37 198.36 202.40 203.01 201.05 .1830 .2080 .2192 .2236 .2242 .2220 
198.65 202.18 213.44 214.09 212.03 .1808 .2056 .2164 .2208 .2216 .2196 
\ 
---- --
{O 
en 
{O 
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TABLE E. COMPARISONS OF FEED COMBINATIONS TO PRODUCE 100 
P'OUND GAIN FOR 60, 110 AND 175 LB. PIGS FROM FOUR ALTER-
NATIVE FUNCTIONS. EXPERIMENTS 536 AND 554 
POOLED AND WITH AUREOMYCIN. 
Overall Interval Overall Interval 
Cobb-Doug. Cobb-Doug. Quadratic Quadratic 
Percent 
Pounds I Pound. Pounds I Pounds Pounds I Pounds Pound. I Pounds protein 
corn SBOM COrn SBOM corn SBOM corn SBOM 
60 lb. pigs 
10 268.9 13.1 326.1 1.'i.O 203.0 12.8 312.7 15.2 
11 231.4 21.1 260.4 23.7 246.0 22.4 262.0 23.9 
12 218.9 25.2 239.7 27.6 237.2 27.3 212.7 27.0 
13 203.4 31.8 214.8 33.5 223.3 34.9 217.8 34.0 
14 194.1 36.9 200.3 38.0 213.0 40.5 202.4 38-4 
15 182.9 44.6 183.2 44.7 198.7 48.4 183.2 44.7 
16 177.8 49.1 175.2 48.4 191.0 52.7 173.7 47.9 
17 169.7 56.6 163.8 54.6 181.2 60.4 160.7 53.6 
18 165.0 61.9 157.0 58.9 171.1 64.1 152.9 57.3 
19 157.7 71.5 146.7 66.5 158.1 71.6 140.8 63.8 
20 154.8 75.8 142.7 69.9 152.7 74.8 137.1 67.2 
110 lb. pigs 
10 376.7 18.3 331.9 16.1 327.5 IS. I) 304.2 14.8 
11 324.2 29.6 300.9 27.4 304.6 27.8 291.5 26.6 
12 306.7 35.3 290.2 33-4 293.7 33.8 284.7 32.7 
13 285.0 44.5 276.6 43.2 277.3 43.3 274.1 42.8 
14 272.0 51. 7 268.3 51.0 265.6 50.4 266.1 50.5 
15 256.3 62.5 258.0 62.9 249.7 60.9 2.54.5 62.0 
16 248.8 68.6 253.1 69.8 241.5 66.7 248.1 68.5 
17 237.8 79.3 245.7 81.9 228.5 76.2 237.3 79.1 
18 231.2 86.7 241.2 90.4 220.3 82.6 230.4 86.4 
19 221.0 100.1 234.2 106.1 207.0 93.8 218.4 99.0 
20 216.9 106.3 231.3 113.4 201.4 98.7 213.3 104.5 
175 lb. pigs 
441.0 21.5 364.0 17.7 398.5 19.4 343.1 16.7 
11 379.4 34.6 342.5 31.2 368.3 33.6 336.2 30.6 
12 359.0 41.3 334.8 38.5 355.5 40.9 332.6 38.2 
13 333.6 52.1 325.0 50.8 338.4 52.8 326.6 51.0 
14 318.4 60.5 318.9 60.6 327.3 62.2 320.9 61.0 
15 299.9 73.1 311.2 75.9 315.2 76.8 313.5 76.4 
16 291.2 80.3 307.5 84.1) 310.3 85.6 309.1 85.3 
17 278.2 92.7 301.9 100.6 304.0 101.3 301.3 100.4 
18 270.6 101.4 298.5 111.9 301.6 113.1 296.0 110.9 
19 258.7 117.2 293.0 132.8 304.3 137.9 286.2 129.7 
20 253.8 124.4 291.0 142.5 307.6 150.7 283.6 139.0 
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TABLE F. COMPARISON OF TOTAL PRODUCT FROM WEANING FROM 50 
POUND FEED INCREMENTS WITH AND WITHOUT AUREO-
MYCIN, DERIVED FROM OVERALL conB-DOUGLAS 
EQUATIONS FOR EXPEHIl\IENTS 536 AND 554.* 
12 percent protein 
Lb •. feed 
14 percent protein 16 percent protein 
W WO W WO W WO 
50 20.8 20.3 21.8 21.3 22.1 21.8 
100 37.1 35.U 38.8 37.8 39.5 38.5 
150 52.0 50.1 54.5 52.7 55.4 53.8 
200 66.1 63.7 69.3 06.8 70.4 68.2 
250 79.7 76.2 83.5 80.3 84.9 81.9 
300 92.8 88.6 97.2 93.3 98.S 95.2 
350 105.5 100.0 llO.6 105.9 112.4 lOS. 1 
40U 118.0 112.3 123.7 118.2 125.7 120.6 
450 130.2 123.7 136.4 130.3 138.7 132.9 
500 142.2 13·1. !J 149.U 142.1 151.4 145.0 
550 154.0 14.5.9 161.3 153.7 164.0 156.8 
600 1135.6 156.8 173.5 165.1 176.3 168.4 
650 177.0 167.4 185.5 176.3 18S.5 179.9 
700 188.3 178.0 197.3 187.4 200.0 101.2 
750 199.5 188.4 209.0 198.4 212.5 202.4 
800 210.5 1!l8.7 220.6 202.2 224.3 213.4 
*w = with aureomycin; \VO = without aureomycin. 
TABLE G. VALUES OF t FOR TESTING INTERVAL REG HESSION CO-
EF}'ICIENTS AGAINST EACH OTHER. EXPElUlIIENTS 53G 
AND 554 POOLED. COBB-DOUGLAS FUNCTIONS.* 
Experinwnt and comparison 
With aureomycin Without aureomycin 
Protein Corn Protein Corn 
34 - 75 lbs. VB. 71; - 150 lbs ............. 6.67 9.09 5.50 7.14 
34 - 75 lb •. va. 150 - 200IbS ........... 1 9.09 11. 11 10.00 11.11 
75 - 150 lbs. VS. 150 - 200Ibs ......... 2.94 2.78 3.S5 5.88 
*Significance level for all figures is: 0 < p < 5. 
TABLE H. VALUES OF t FOn TESTING REGRESSION COEFFICIENTS FOR 
AUREOMYCIN WITH HEGRESSION COEFFICIENTS WITHOUT 
AUREOl\1YCIN. EXPERIl\Il::NT 536 AND 55·1. 
Weight range 
34 - 75 
75 - 150 
150 - 200 
overall 
**5 < p < 10 
Protein coeffIcient 
tlO<p<20 
.37 
l.Ost 
.59 
.71 
Corn coefficient 
.13 
.13 
1.S2** 
l.43t 
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In figs. 1 and 2 of the text, the ridges of the production sur-
iface are shown to intersect the horizontal axes of the 3-dimen-
sional diagram (i.e., lines ab and cb of fig. 1). This presentation 
supposes that no product is forthcoming if, from the outset, 
none of one feed is included in the rati{)n. This situation is true 
for some feeds, with certain classes of livestock, and is likely 
true for small pigs. However large hogs may produce som~ 
weight if fed corn alone and, over a limited range, even if fed 
soybean oilmeal alone. Hence appendix fig. A-9 below is more 
appropriate since here the ridge lines do not intersect the feed 
axes. Over extreme ranges of protein feeding, the ridge line on 
this side of the surface may come ncar to intersecting the pro-
tein axis (because hogs are "thrown off feed") while the ridge 
lines on the grain side may not intersect the axis. Similar dif-
ferences may apply between corn and protein (with given levels 
of hay feeding) or between coneentrates and forages for cattle 
and sheep. 
QUANTITY OF FEED F 
Fig. A-9. Production surface in livestock nutrition when neither of two 
feeds is IImitational in nature. 
